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Listing of Claims 

Claims 1-31 (Canceled) 4 -5 ( 

32. (Previously presented) A pharmaceutical composition comprising ^ { ^)Q> ^0 

a) anti-Vpr monoclonal antibodies; and HcV^^ 3^ t|, ^3 6(M M 

b) a pharmaceutically acceptable carrier. 1 1 1 1 I 

33. (Previously presented) A method of treating an individual exposed to HIV by ^pfic&Pxc&T^ ^ 
administering an effective amount of anti-Vpr antibodies. -r^PfVV 1 

34. (Previously presented) A method of treating an individual who has been infected with 
HIV comprising the step of administering to said individual a therapeutically effective amount 
of anti-Vpr antibodies. 
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35. (Canceled) 

36. (Previously presented) The pharmaceutical composition of claim 32 wherein the anti- 
Vpr antibodies bind to a fragment of Wpr comprising am ino acids 2-12; ^ 

37. (Previously presented) A pharmaceutical composition comprising: 

a) anti-Vpr antibodies that inhibit Vpr enhancement of HIV replication; and 

b) a pharmaceutically acceptable carrier, 

wherein the anti-Vpr antibodies are present in an amount effective to inhibit HIV replication 
in an HIV infected individual. 

38. (Previously presented) The pharmaceutical composition of claim 37 wherein the anti- 
Vpr antibodies are monoclonal antibodies. 
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39. (Canceled) 

^ ^ 40. (Previously presented) The pharmaceutical composition of claim 37 wherein the 

^ | composition is a sterile composition and the anti-Vpr antibodies bind to a fragment ofjV pr 

comprising amino acids 2- 1 2^) 

(or\fo 3 41 • (Previously presented) The method of claim 33 wherein the anti-Vpr antibodies are 

monoclonal antibodies. 



42. (Canceled) 

( a ^ \ to ^ /Y/7 43. (Previously presented) The method of claim 33 wherein the anti-Vpr antibodies bind to 

a fragment of Vpr comprising amino acids 2-12- 
1 . — — ' 

[o 2, [ ( o ^ 44. (Previously presented) The method of claim 34 wherein the anti-Vpr antibodies are 

monoclonal antibodies. 



45. (Canceled) 



1 0 1 / * * 3 $h 46. (Previously presented) The method of claim 34 wherein the anti-Vpr antibodies bind to 



a fragment of Vpr comprising amino acids 2-12. 
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Cell specific envelope proteins are well known. A chimeric 
gene is designed which includes the portion of the vpr protein 
that binds to p24 together with a biological active protein 
which retains its activity when linked to the portion of vpr. 
Cells are co-transf ected with a nucleic acid molecule that 
encodes the desired env, the chimeric gene, a nucleic acid 
molecule that encodes p24 or a nucleic acid molecule that 
encodes the full length gag precursor plus the HIV protease. 
Expression of these sequences will result in the proteins thus 
encoded being produced and assembly of the drug delivery 
particle. Noncoding RNA may also be provided for safety since 
the assembling particle will package RNA. 

Biologically active proteins which can be used in 
fusion proteins include cytokines, lymphokines, structural 
proteins such as dystrophins, other therapeutic proteins and 
proteins which are useful as immune targets. 

As an immunotherapeutic, the administration of vpr 
or an immunogenic fragment of vpr, particularly an inactive, 
i.e. non-functional, immunogenic fragment, provides a target 
against which an individuals immune system can mount an immune 
response which will recognize viral produced vpr and 
inactivate it. The vpr or fragment thereof is preferably 
eukaryotically produced. It is administered in a dose 
sufficient to evoke a protective immune response. Multiple 
doses may be administered. One having ordinary skill in the 
art can readily formulate an immunogenic composition that 
comprises vpr or fragment thereof. Adjuvants may be included 

in such formulations. 

Alternatively, anti-vpr antibodies may be 

administered as therapeutics to treat individuals infected 

with HIV. The anti-vpr antibodies are preferably produced 

against eukaryotically-produced vpr. They are administered 

in an effective dose; i.e. a dose sufficient to inactivate 

some or all of the vpr present in the individual such that the 

progress of HIV in the individual is inhibited or otherwise 

reduced. Multiple doses may be administered. One having 
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Using PCR and recombinant DNA technology, truncation 
mutants of the vpr gene were constructed and cloned into pBABE 
expression plasmids. These constructs delete vpr in 
approximately 2 0AA groups from the carboxy terminus traveling 
5 in toward the amino terminus of the protein- The resulting 
protein products are 72AA, 50AA and 30AA. 

Preliminary studies indicate that the carboxyl 
terminus 24AA of vpr is necessary for induction of 
differentiation of both the rhabdomyosarcoma and glial cell 
10 lineages as loss of the inhibition of proliferation and loss 
of morphological changes with the deletion mutants has been 
n observed. One interesting observation of these studies is 

*5 that this carboxy region contains a significant region of 

jfj homology with the muscle oncogene ski. The avian retroviral 

iJl 15 oncogene ski shows properties resembling those described for 
j« vpr (Colmenares and Stavnezer, Cell , 1989). 

Q Studies suggest that carboxy terminal deletion vpr 

! n mutants still retain gag binding activity in this system. 

IB This assay therefore differentiates the functional region of 

2 0 vpr which interacts with gag and the functional region for 
□ cell differentiation function. 

Example 12: Antibodies and Immunizations 

Rabbit anti-vpr peptide serum (Garrett, et al . , J. 
Virol., 1991 , 65, 1653) (a. a. 2-21: Cys-Glu-Gln-Ala-Pro-Glu- 
25 Asp-Gln-Gly-Pro-Gln-Arg-Glu-Pro-His-Asn-Glu-Trp-Thr-Leu-Glu; 
SEQ ID N0:4) was obtained from Dr. Brian Cullen through the 
NIH AIDS Research and Reference Reagent Program. To produce 
additional rabbit antibodies against vpr , a rabbit was 
immunized with 10-20 of partially purified vpr protein 

3 0 (produced as described below from the anti-vpr column) in 

complete Freund's adjuvant (CFA) once, then with incomplete 
adjuvant (IFA) for subsequent immunizations. Final 
immunization was with 50 Mg of each of three keyhole limpet 
hemocyanin (KLH) -coupled vpr peptides in IFA. Peptides were 
35 purchased from American Bio-Technologies. Sequences of 
peptides: vpr 9-20 (Gly-Pro-Gln-Arg-Glu-Pro-His-Asn-Glu-Trp- 
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Thr-Leu; SEQIDN0:5), 41-55 (Gly-Leu-Gly-Gln-His-Ile-Tyr-Glu- 
Thr-Gly-Asp-Thr-Trp-Ala; SEQ IDN0:6), 81-96 (Ile-Gly-Val-Thr- 
Gln-Gln-Arg-Arg-Gln-Arg-Asp-Gly-Ala-Ser-Arg-Ser; SEQ ID NO: 7). 
To produce mouse anti-vpr serum, Balb-c mice were immunized 
5 with 20 Mg of single peptides coupled to KLH in CFA for the 
first immunization and I FA for subsequent immunizations. 
Example 13: Column Chromatography 

Affinity columns were constructed according to 
Harlow and Lane. Harlow, E. and Lane, E. , Antibodies: A 
10 Laboratory Manual , m 1988% Cold Spring Harbor Laboratory Press 
which is incorporated herein by reference. The IgG fraction 
of 250 Ml of the rabbit peptide serum was bound to 1 ml of 
protein A agarose beads (Gibco BRL) , washed in 0.2 M sodium 
borate buffer (pH 9.0) and coupled with 20 mM 
if] 15 dimethylpimelimidate (DMP) . The polyclonal rabbit anti-vpr 
column was constructed according to the same procedure using 
6 ml of serum and 3 ml of protein G agarose beads (Gibco BRL) . 
Example 14: Detection of Anti-vpr Antibodies by Capture ELISA 

For detection of anti-vpr antibodies , an ELISA was 
20 performed using eukaryotically-produced vpr attached to solid 
phase, followed by the addition of the test sample. 
Peroxidase-coupled anti-human antibody was used for detection 
(Boehringer Mannheim) . Color development was with 3, 3 ',5, 5'- 
tetramethylbenzidine dihydrochloride (TMB) (Sigma) according 
25 to the manufacturer's instructions. Anti-p24 antibodies were 
detected using recombinant p24 (American BioTechnologies) 
attached to solid phase support. Both recombinant proteins 
were used at an approximate concentration of 1 jxg/ml, 50 
/xul/well. Incubation was done for 1 hour at 37° or 12 hours 
30 at 4°. Detection antibodies were used at a 1:15000 dilution 
as per manufacturers directions. 
Example 15: Detection of vpr by Capture ELISA 

For detection of vpr, a capture ELISA was performed. 
Rabbit anti-vpr peptide serum (reactive to aa 2-21) was 
35 immobilized in wells of a 96-well ELISA plate (Immulon II, 
Dynatech) in carbonate-bicarbonate buffer (0.2 M, pH 9.2). 
Detection of bound antigen was performed using a mouse anti- 
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cells exposed continuously to 20% vpr supernatant ceased 
proliferation after approximately 3 days and after 7-9 days 
underwent morphological differentiation similar to that 
observed following transfection with the HIV-1 vpr gene, 
5 including great enlargement, the presence of long processes 
similar to myotubes, multinucleation and cessation of 
proliferation. Exposure to greater than 2 0% supernatant 
proved to be rapidly fatal to the cells. Incubation : of TE671 
cells with equal concentrations of control supernatants failed 
10 to induce any of these changes. Cells exposed to vpr for 3 
days were examined for the presence of adult muscle myosin, 

□ a differentiation marker for these cells (Aguanno et al . , 
^ Cancer Res., 1990, SO, 3377). Greater than 90% of cells 
UJ stained positive using an anti-myosin antibody, demonstrating 
!'V 15 that the differentiation was along the pathway to which to 
Q these cells are committed and is identical to that induced by 

expression of vpr from within. 
{□ Example 31 

■M Melanoma cells were transfected with- a nucleic acid 

i'U 

m 20 molecules that comprised a nucleotide sequence that encoded 

□ vpr. In test experiments, transfected cells were selected and 
implanted into mice. As a control, untransf ected melanoma 
cells were introduced into other mice. 

The mice with implanted transfected melanoma cells 
25 displayed a vast reduction in the number of tumors developing 
from the injected cells as compared to the number of tumors 
developing in control mice. The results from these 
experiments clearly demonstrated that while vpr did not 
complete eliminate the tumorigenicity of the melanoma cells, 
30 the presence of the vpr gene in the melanoma cells 
significantly and substantially reduced the tumorigenicity of 
the cells. 
Example 32 

Three peptides were synthesized by routine methods. 
3 5 each peptide is an immunogenic fragment of vpr protein* The 
first, SEQ ID NO: 8, is residues 9-20. The second, SEQ ID 
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NO: 9, is residues 41-55. The third, SEQ ID NO: 10 , is residues 
81-96. 

Each peptide has been confirmed to be immunogenic 
in rabbits and mice. The antibodies produced cross-react to 
vpr. 

Pharmaceutical compositions are produced which 
comprise SEQ ID NO: 8, SEQ ID NO: 9 and/or SEQ ID NO: 10 and a 
pharmaceutical^ acceptable carrier or diluent. 
Administration of such pharmaceutical compositions in an 
individual suffering from HIV infection results in a 
immunogenic response that produces antibodies which cross 
react with vpr. The antibodies thus produced bind to and 
inactivate vpr present as a result of the HIV infection. 
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[57] ABSTRACT 

The present invention relates to monoclonal antibody 0.5(3 
which binds to an epitope located within the region of amino 
acids 308-331 of HTLVIIIB gpl20 and is capable of sub- 
stantially neutralising the activity of human immunodefi- 
ciency viruses, to a hybridoma which produces the 0.5 p 
antibody, to processes for preparing them and to composi- 
tions containing an effective amount of the antibody. 
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The proteins encoded by human immunodeficiency virus type 1 (HIV-1) can be divided into two temporally 
regulated classes. Early gene products are encoded by multiply spliced mRNA species and are expressed 
constitutively. In contrast, late proteins are encoded by a class of unsptlced or singly spliced viral transcripts 
whose cytoplasmic expression is induced by the viral Rev trans activator. Here, we demonstrate that the viral 
Vif and Vpr proteins are encoded by singly spliced viral mRNAs whose expression is activated by Rev. This 
activation is shown to result from the reduced utilization of splice sites adjacent to or within the vif and vpr 
coding sequences. Vif and Vpr therefore belong to the class of late HIV-1 gene products. 



<♦ The pathogenic retrovirus human immunodeficiency virus 
type 1 (HIV-1) displays a high level of genetic complexity 
(Fig. 1). In addition to carrying the gag, pot, and env genes 
characteristic of ail known replication-competent retrovi- 
ruses, HIV-1 encodes at least six auxiliary proteins. Two of 
these, termed Tat and Rev, are essential trans regulators of 
viral gene expression, while two others, termed Vpu and Vif, 
have been shown to be important for the morphogenesis and 
release of infectious virions (reviewed in reference 5). The 
roles of the viral nef and vpr gene products remain less clear, 
as both are dispensable for efficient HIV-1 replication in 
culture (3, 10, 16). However, recent data suggest that Vpr 
may be a virion structural protein whose expression mod- 

-e- stly enhances thc -ta ic of vis al r e plication (2, 3, 16 f- 

The nine HIV-1 proteins enumerated or alluded to above 
are encoded by more than 20 distinct mRNA species that are 
derived from the posttranscriptional processing of the initial, 
genome-length viral transcript (7, 14, 19-21). The pattern of 
expression of these HIV-1 mRNAs displays a marked tem- 
poral regulation (9). In the early stages of infection, viral 
gene expression is limited to the small, multiply spliced 
mRNA species that are known to express the viral regula- 
tory proteins Tat and Rev as well as the nef gene product 
(Fig. 1) (6, 7, 9). It is hypothesized (9, 17) that accumulation 
of the Rev protein to a critical level activates the expression 
of the unspliced and singly spliced mRNA species that 
encode the viral structural proteins Gag, Pol, and Env. 
HIV-1 proviruses lacking a functional rev gene product or 
bearing a defective copy of the as-acting RNA target se- 
quence for Rev, the Rev response element (RRE), are unable 
to progress to the late, structural phase of the viral replica- 
tion cycle and remain locked in the early, regulatory phase 
(6, 7, 12). 

Recently, it was demonstrated that Vpu is also a late gene 
product that is encoded by the same singly spliced bicis- 
tronic mRNA species as Env (21). However, the temporal 
regulation of the HIV-1 vif and vpr gene products has 
remained unclear. Schwartz et al. (20) have proposed that 
Vif and Vpr are encoded by two doubly spliced viral mRNA 
species containing the hypothetical coding exons designated 
E2A and E3A, respectively (Fig. ID). These multiply spliced 
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mRNAs, which would be structurally comparable to the 
known multiply spliced tat mRNAs (Fig. 1C), would lack an 
RRE and would therefore have to be expressed indepen- 
dently of Rev. Alternatively, Vif and Vpr could be encoded 
either predominantly or exclusively by mRNAs structurally 
comparable to the singly spliced viral mRNAs that encode 
Env and the truncated form of Tat (Fig. ID) (18). In this 
case, the Vif and Vpr proteins would fall into the class of late 
viral gene products whose expression is activated by the Rev 
protein. 

To examine the Rev dependence of HIV-1 vif gene expres- 
sion, we transfected (4) cultures of the HIV-1 replication- 
jrermissive monkey cell line COS (11) with an expression 
piasmid containing a full-length, replication-competent 
HIV-l provirus (pH!V-l) or with a similar HIV-1 pro virus 
bearing a defective viral rev gene (pHIV-lARev) (13). These 
expression plasmids are based on the HXB-3 proviral isolate 
and are similar to those previously described (13), except 
that the single-base-pair frame-shift mutation present within 
the vpr gene of the HXB-3 isolate (3, 15, 16) has been 
corrected in order to permit expression of the full-length vpr 
gene product. At 72 h after transfection, total cytoplasmic 
mRNA was harvested and subjected to Northern (RNA) 
analysis (12) with probes specific for the tat gene or the vif 
gene (Fig. 2). The HIV-1 tat gene is known to be expressed 
as a set of multiply spliced, ~2-kb transcripts in the absence 
of Rev and as a singly spliced, -4-kb transcript in the 
presence of Rev (Fig. 1C) (7, 14, 20). This result is confirmed 
in Fig. 2, which shows a marked accumulation of exclusively 
multiply spliced tat mRNAs in the absence of Rev (Fig. 2, 
lane 2). In the presence of Rev, expression of the 2-kb tat 
mRNAs is reduced whereas the singly spliced tat mRNA, as 
well as the genomic transcript, is readily detected. In con- 
trast, the probe specific for the vif open reading frame failed 
to detect any specific viral mRNA species in cells trans- 
fected with the pHIV-lARev construct (Fig. 2, lane 5). Even 
with prolonged exposure, no specific mRNA species could 
be detected in this lane (data not shown). However, both a 
singly spliced and a genome-length viral RNA species were 
detected by the v//-specific probe in cells transfected with 
the wild-type HIV-1 proviral expression piasmid (Fig. 2, lane 
6). Of note, the singly spliced mRNA detected by the 
w/-specific probe was observed to migrate more slowly than 
the predominant singly spliced species detected by the tat 
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< FIG. 1. RNA expression strategies in HIV-1. (A) Genetic orga- 
nization of the HIV-1 pro virus, showing the location of major splice 
donors (Ul to D4) and splice acceptors (Al to A6). R, vpr. (B) HIV-1 
exons observed in the multiply spliced viral mRNA species. El to 
E7 represent exons that have been cloned and characterized. E2A 
and E3A represent hypothetical exons proposed by Schwartz et al. 
(20). The exon nomenclature used here is similar to that previously 
proposed (14, 20). (C) HIV-1 Tat protein occurs in two forms (7, 12). 
A full-length, two-exon form of Tat is encoded by a set of at least 
three different multiply spliced mRNAs and is expressed indepen- 
dently of Rev (12, 19, 20). In the presence of Rev, a singly spliced 
Tat mRNA that encodes a truncated, one-exon form of Tat (7, 12) is 
observed. (D) By analogy with the Tat protein, the HIV-1 vif and vpr 
gene products could be expressed from doubly spliced mRNA 
species containing the hypothetical E2A and E3A exons (20). 
Expression of these mRNAs, which would lack the env gene- 
specific RRE signal, would therefore be predicted to be Rev 
independent. In contrast, Vif and Vpr might be translated entirely 
from singly spliced mRNAs (18) whose cytoplasmic expression 
would be dependent on Rev. 



probe, which was predicted by their projected sizes of —5.0 
and -4.1 kb, respectively (Fig. 1). Results obtained with a 
probe specific for the HIV-1 vpr gene were similar to those 
obtained with the v(f-specific probe (data not shown). 

The Northern analysis whose results are presented in Fig. 
2 suggests that vif is detectably expressed only as a singly 
spliced, ~5-kb transcript and only in the presence of Rev. 
One possible explanation for this result is that Rev induces 
the utilization of the vif gene-specific Al splice acceptor 
(Fig. 1). Alternatively, Rev might activate Vif expression by 
reducing utilization of the D2 splice donor in a population of 
RNA that has already completed the Dl-Al splice. It is of 
interest that such a splicing event would generate the smalt 
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FIG. 2. Northern analysis of HIV-1 tat and itfmRN As. COS cell 
cultures were transfected (4) with an intact HIV-1 provirus, with a 
provims bearing a defective Rev gene (pHlV-lARev), or with a 
negative control vector (mock transfected). Total cytoplasmic RNA 
was isolated (12) 72 h after transfection, and Northern analysis was 
performed as described previously (12), with 10 tig of RNA per lane. 
The nitrocellulose filter was initially analyzed with a probe specific 
for the first (E4) exon of tat (proviral coordinates 5794 to 5955; see 
reference 15) (lanes 1 to 3). Subsequently, the filter was stripped and 
rehybridized with a probe specific for the viral vif gene (proviral 
coordinates 5077 to 5332) (lanes 4 to 6). The approximate sizes of the 
unspliced (-9 kb), singly spliced (-4 kb), and multiply spliced (-2 
kb) viral mRNAs. as determined by their mobilities, are indicated. 



noncoding exon, designated E2 in Fig. 1, that has previously 
been detected in the multiply spliced HIV-1 mRNA species 
(14, 19, 20). To distinguish between these possible explana- 
tions, we subjected the cytoplasmic mRNA samples de- 
scribed above to quantitative SI nuclease analysis (Fig. 3). 

Figure 3a illustrates a probe, end labeled in the first exon 
of the tat gene, that spans the D4 splice site. This probe can 
therefore detect all cytoplasmic viral mRNAs containing 
exon E4 and will quantitate the utilization of the D4 splice 
donor in this population. In cells transfected with pHIV- 
lARev (Fig. 3A, lane 2), essentially all of the cytoplasmic 
HIV-1 transcripts detected by this probe were spliced at the 
D4 site. In contrast, a large majority of the viral RNAs 
detected in the culture transfected with a wild-type HIV-1 
provirus were unspliced at the D4 site (Fig. 3A, lane 3). This 
result therefore confirms those of a previous study (12) 
showing that coexpression of Rev reduces the utilization of 
the D4 splice site. 

Figure 3b illustrates a second end-labeled probe that is 
designed to detect only those mRNAs that have already 
made the splice from the Dl splice donor to the Al splice 
acceptor, i.e., mRNAs which could present the vif gene as 
the first open reading frame. This probe also spans the D2 
splice site. It is therefore possible to quantitate the level of 
utilization of the D2 splice donor in a population of mRNAs 
that has already made the Dl-Al splice. Only mRNAs not 
spliced at D2 could encode the HIV-1 Vif protein. In fact, 
very little RNA not spliced at the D2 splice site (i.e., vif 
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FIG. 3. SI nuclease analysis of H1V-1 tat and vif mRNAs. The 
RNA samples used in this experiment were identical to those used 
for Northern analysis (Fig. 2). Quantitative SI nuclease analyses 
were performed as described elsewhere (4, 12), with 5 ng of total 
cytoplasmic RNA per lane. (A, a) The probe strategy used in this 
experiment has been described previously (12). The probe used was 
end labeled at a BstYl (b) site within the first coding exon of tat and 
extends through splice donor D4 into the env gene-specific intron. A 
pBR322 DN A tag was attached at an intron Kpn\ (k) site to allow us 
to distinguish the full-length input (I) probe from probe fragments 
rescued by viral transcripts that were unspliced (U) or spliced (S) at 
the D4 splice donor. Size markers (M) were obtained by end labeling 
an Msp\ digest of pBR322 DNA. e, £coRI. (B, b) To quantitate the 
level of splicing at the D2 splice acceptor in H1V-1 transcripts 
already spliced at the Al and Dl splice sites, we used the polymer- 
ase chain reaction to generate a molecular clone that contained the 
Dl- Al splice junction. The 5' primer used was homologous to HIV-1 
sequences located 3' to the Al splice acceptor (positions 4913 to 
4927), and it also contained a 12-bp 5 r extension homologous to 
HIV-1 leader sequences located 5' to the Dl splice donor (positions 
732 to 743). The 3' primer spanned a f/i/idlll (h) site located 26 
nucleotides (nt) 3' to the D2 splice acceptor. This polymerase chain 



mRNA) was detected in cells transfected with pHIV-lARey 
(Fig. 3B, lane 5). Instead, we detected a high level of RNA 
spliced at the known D2 splice site as well as a lower level of 
a slightly larger RNA spliced at an immediately adjacent 
splice donor that we term D2*. Utilization of this second 3' 
splice site was detected in several independent experiments, 
although always at a lower level than that of the known D2 
site, and it therefore appears probable that this represents a 
novel minor splice donor present in the HIV r l provirus. SI 
nuclease analysis maps the location of this site to 14 nucle- 
otides 3' to the known D2 site. The D2* sequence is 
therefore 5'-A/GUAAU-3\ which is similar to the splice 
donor consensus sequence (5'-G/GUAAG-3') (1). However, 
the significance of this novel 5' splice site, which should 
result in a slightly larger noncoding E2 exon, is unclear. 

In cells transfected with a wild-type HlV-i provirus, a 
marked increase in the level of mRNA unspliced at the D2 
site (i.e., vr/ mRNA) was detected, as was a concomitant 
drop in the level of mRNA spliced at either D2 or D2* (Fig. 
3B, lane 6). This result therefore supports the hypothesis 
that Rev activates the expression of vif mRNA by reducing 
the utilization of the D2 splice donor. 

The experiments presented thus far have examined Vif 
and Vpr expression entirely at the RNA level. To more 
directly test whether the expression of the Vif and Vpr 
proteins depends on Rev coexpression, we raised rabbit 
antisera specific for these viral proteins by using ; jas ian 
immunogen either a peptide (N-CEQAPEDQGI^REPHNE 
WTLE-C) identical to amino acids 2 to 21 of the predicted , 
vpr open reading frame or a full-length recombinant Vif 
protein obtained from the National Institutes of Health 
AIDS Reagent Program. We then used these antisera, to- 
gether with a previously described (12) rabbit antiserum 
specific for the HIV-1 Tat protein, to analyze the expression 
of Vpr, Vif, and Tat proteins in transfected cells. For this 
purpose, cultures transfected with pHIV-1, pHIV-lARev, or 
a control plasmid were metabolically labeled with [ 35 S]cys- 
teine and [ 35 S]methionine (12). The labeled proteins were 
then extracted (12), and equal aliquots were subjected to 
immunoprecipitation analysis with anti-Tat, anti-Vpr, or 
anti-Vif rabbit antisera. Precipitated proteins were resolved 
by electrophoresis through a denaturing sodium dodecyl 
sulfate (SDS)-14% polyacrylamide gel and were then visu- 
alized by autoradiography (Fig. 4). 

As predicted, the culture transfected with pHIV-lARev 
gave rise to a high level of the two-exon form of Tat protein 
(Fig. 4, lane 5) encoded by the various multiply spliced tat 
mRNA species (Fig. IB) (20). Coexpression of Rev resulted 
in a marked reduction in the expression of the full-length Tat 
protein and an induction of the one-exon form of Tat (Fig. 4, 
lane 6) encoded by the singly spliced tat mRNA (Fig. 1C) 
(12, 20). The culture transacted with the wild-type HIV-1 
pro viral clone also gave rise to a specific band (~-14 kDa) 
with the mobility predicted previously (2) for the HIV-1 Vpr 
protein (Fig. 4, lane 3). However, no Vpr protein was 
detected in the absence of Rev coexpression (Fig. 4, lane 2). 



reaction fragment was cloned into the pGem3zf(+) polylinker 
(Promega). The probe used was end labeled at an Xmal (X) site 
introduced into the HIV-1 leader (L) sequence and extends through 
the D2 splice donor into the vi/open reading frame. A pGem DNA 
tag was attached at a vif gene HindlU site to allow us to distinguish 
the full-length input (1) probe from probe fragments rescued by RNA 
species that were unspliced (U) or spliced (S) at the D2 splice donor, 
p, PvulL 



1656 NOTES 



J. Virol. 



1 2 3 



4 6 6 



1 2 3 



4 5 6 




*-Vpr 




Tat (2ex) 
Tat (1ex) 



6.2— 



* * V 



FIG. 4. Immunoprecipitation analysis of COS cell cultures trans- 
fected with proviral clones. COS cell cultures were transfected with 
the wild-type HIV-1 provirus or with a provirus bearing a defective 
rev gene (pHIV-lARev) or were mock transfected with a control 
plasmid, pBC12/CMV, as indicated. At 72 h posttransfection, cul- 
tures were radiolabeled and lysed (12), and 800-u.l aliquots of the 
solubilized proteins were subjected to immunoprecipitation (12) 
with 8 pi of anti-Vpr antiserum (lanes 1 to 3) or 5 \l\ of anti-Tat 
antiserum (lanes 4 to 6). The precipitated proteins v/cre resolved by 
electrophoresis. The relative mobilities of l4 C-labeled protein mo- 
lecular size standards (Bethesda Research Labs, Inc.) are indicated 
by their molecular masses in kilodaltons on the left. Vpr has been 
shown to migrate at -14 kDa (2), while the two-exon (2ex) and 
one-exon (lex) forms of Tat migrate at -15.5 and -14 kDa, 
respectively (12). 



Therefore, Vpr expression, like expression of the one-exon 
form of Tat, is dependent on Rev. 

Unfortunately, il proved impossible to detect Vif protein 
in cultures transfected with HIV-1 proviral clones by using 
the rabbit anti- Vif antibody at our disposal (data not shown). 
In an attempt to increase expression to a detectable level, we 
constructed an expression plasmid, pgVif, in which a seg- 
ment of the HIV-1 genome extending from immediately 3' to 
the Al splice acceptor to immediately 3' to the end of the 
second exon of Tat was inserted into the expression plasmid 
pBC12/CMV (4). This segment of the HIV-1 provirus con- 
tains an intact viral RRE but lacks a functional rev gene. 
Unspliced mRNAs transcribed from this plasmid are pre- 
dicted to be structurally comparable to the singly spliced vif 
mRNA and should, therefore, direct the synthesis of Vif 
protein. In contrast, fully spliced mRNAs derived from 
pgVif are predicted to encode predominantly the two-exon 
form of the HIV-1 Tat protein. In fact, a culture transfected 
with pgVif alone produced no detectable Vif protein (Fig. 5, 
lane 2) but yielded a high level of two-exon Tat (Fig. 5, lane 
5). In contrast, coexpression of Rev in trans resulted in the 
induction of the 23-kDa Vif protein (Fig. 5, lane 3) (8, 22) and 
reduced synthesis of the 2-exon form of viral Tat protein 
(Fig. 5, lane 6). 

In this report, we have demonstrated that expression of 
the HIV-1 Vif and Vpr proteins is activated by and depen- 
dent upon coexpression of the HIV-1 Rev protein. These 
results were obtained by the transfection of full-length 
HIV-1 proviral clones into the monkey cell line COS. 
Although COS cells are permissive for HIV-1 replication 
(11), they do not represent a physiologically relevant host 
cell for the HIV-1 virus. Nevertheless, these results clearly 
predict that Vif and Vpr expression is likely to be activated 
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FIG. 5. Immunoprecipitation of the HIV-1 Vif protein from 
transfected ce'ls. Immunoprecipitations were performed as de- 
scribed for Fig. 4. The w/gene expression plasmid pgVif contains 
Hi V-1 proviral sequences extending from immediately 3' to the Al 
splice acceptor (Fig. 1A) to immediately 3' to the end of the second 
coding exon of tat (positions 4917 to 8475). This plasmid therefore 
contains a truncated, defective rev gene but includes an intact RRE. 
These HIV-1 sequences were placed under the control of the 
cytomegalovirus immediate-early promoter in the pBC12/CMV plas- 
mid (4). Cultures were transfected with pgVif together with a Rev 
expression plasmid (pcRev) or a control plasmid (pBC12/CMV). 
Negative control (mock) cultures were transfected with pBC12/ 
CMV alone. Labeled cell extracts (800-n-l samples) were subjected 
lo immunoprecipitation with 8 uJ of anti- Vif antiserum (lanes 1 to 3) 
or 5 of anti-Tat antiserum (lanes 4 to 6). The Vif protein has been 
shown to migrate at -23 kDa on SDS-polyacrylamide gels (8). 



late in the HIV-1 replication cycle in infected primary human 
T cells or macrophages. 
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Antibodies to E. co//-produced HIV-1 nef, rev, tat, 
vpu, and vpr proteins were measured by enzyme 
immunoassay in serial sets of sera from 72 men 
seroconverting for antibodies to HIV-1 structural 
proteins, and from 190 initially symptom-free 
men who were seropositive for these antibodies 
at entry into the study. In the men seroconvert- 
ing for antibodies to structural proteins the lev- 
els of nef-, rev-, and rat-specific antibodies, but 
not of vpu-, and vpr-spectfic antibodies, within 3 
months of seroconversion, appeared to be lower 
in the five men progressing to AIDS, compared 
with the men remaining symptom-free during 
follow-up. Analysis of the prevalence of previ- 
ously described antibody profiles to these acces- 
sory gene products was carried out. In all HIV-1 
antibody seroconverters and in those HIV-1 an- 
tibody seropositive men with 1 5 or more months 
of follow-up who progressed to AIDS, there was 
a shift from predominantly nef- and vpu-specific 
antibody negative profiles in the men develop- 
ing AIDS in the early years of the study to pre- 
dominantly nef- and vpu-specific antibody posi- 
tive profiles in men who developed AIDS later. 
Rev- and faf-specific antibody negative profiles 
were dominant in men progressing to AIDS 
throughout follow-up. No vpr-specific antibody 
profile occurred preferentially in the men pro- 
gressing to AIDS throughout follow-up. Low an- 
tibody reactivity to accessory gene products nef, 
rev, and rat appears, like low anti-core antibody 
reactivity, to be associated with progression to 
AIDS relatively rapidly after infection with HIV-1. 

KEY WORDS: HIV-1, rapiddiseaseprogression, 

serological markers 



INTRODUCTION 

The genome of HIV-1 contains genes coding for viral 
structural proteins as well as accessory genes [Gallo et 



al., 1988]. The latter genes designated nef, rev, tat, vif, 
vpu, and vpr, code for proteins some of which have been 
shown to regulate viral replication in vitro. Antibodies 
to each of the accessory gene products have been de- 
scribed in HIV-l-infected individuals [Arya and Gallo, 
1986; Franchini et al., 1987; Barone et al., 1986; Krone 
et al, 1988; Reiss et al., 1989a,b,c; Chanda et al., 1988; 
Allan et al., 1985; Ameisen et al., 1989a,b; Kan et al., 
1986; Lee et al., 1986; Wong-Staal et al., 1987; Mat- 
suda et al., 1988; Cohen et al., 1988; Strebel et al., 
1988; Sabatier et al., 1989; Cheingsong-Popov et al., 
1989], but the seroprevalence varies from high in the 
case of antibodies to nef [Ronde de et al., 1988; Sabatier 
et al., 1989; Reiss et al., 1989a; Cheingsong-Popov et 
al., 1989] and to low in the case of anti-tor [Barone et 
al., 1986; Krone et al., 1988; Reiss et al., 1989b], to 
intermediate for anti-m; [Reiss et al., 1989b,c], anti- 
vpu [Matsuda et al., 1988; Reiss et al., in press], and 
anti-vpr [Wong-Staal et al., 1987; Reiss et al., in press]. 
We have previously described five patterns of antibody 
response to recombinant E. co/i-produced nef y rev, tat, 
vpu, and vpr, in prospectively collected serum samples 
from a cohort of HIV-l-infected homosexual men, con- 
sisting both of men with documented seroconversion 
for antibodies to HIV-1 structural proteins (gag/env) 
and of men who were HIV-1 antibody seropositive at 
study entry [Reiss et al., 1989a,c in press]. Antibodies 
to the accessory gene products could be persistently 
detectable from the time of gag/env seroconversion, ei- 
ther at study entry or within 12 months. Alternatively, 
antibodies to the accessory gene products were only 
transiently or intermittently detectable, or not detect- 
able at all. More cases of AIDS occurred in subjects who 
were persistently negative, or transiently or intermit- 
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tently positive for anti-nef, anti-rev, or anti-tat, com- 
pared with subjects who were or became persistently 
positive for these antibodies. No associations with clin- 
ical outcome were found for patterns of vpu- or vpr- 
specific antibodies. According to a recent report, high 
initial titres of anti-nef antibodies after HIV-1 anti- 
body seroconversion correlated with lack of progression 
to AIDS [Cheingsong^Popov et al., 1989]. In view of 
these findings, we compare here the levels of antibody 
response to nef rev, tat, vpu, and vpr between the sub- 
jects from our cohort with documented seroconversion 
for antibodies to gag/env who progressed to AIDS and 
those who remained symptom-free. 

In a recent study in our cohort of HIV-1 -infected 
men, the association of certain serological and immu- 
nological markers with progression to AIDS was found 
to be dependent on the duration of infection with HIV-1 
[Wolf de et al., 1989]. The association of the absence or 
disappearance of antibodies to HIV-1 core proteins 
with disease progression was more pronounced in sub- 
jects progressing to AIDS early after infection, com- 
pared with subjects who progressed to AIDS later, after 
infection with HIV-1. In order to see whether a similar 
time dependency existed regarding associations of nef-, 
rev-, tat-, vpu-, and upr-specific antibody profiles and 
disease progression, we compared the prevalence of the 
different profiles of these antibodies between the sub- 
jects who progressed to AIDS during different consec- 
utive years after the start of the study. 

SUBJECTS AND METHODS 
Study Population 

Between October, 1984 and March, 1986, 961 asymp- 
tomatic men, living in and around Amsterdam and 
with at least two homosexual contacts in the preceding 
6 months, were enrolled in a prospective study on the 
prevalence and incidence of HIV infection and risk fac- 
tors for AIDS. Epidemiological and clinical data were 
collected, and blood was sampled every 3 months [Wolf 
de et al., 1988]. 

In the first serum sample taken, 723 men were found 
to be seronegative for HIV-1 antibody, and 238 were 
found to be seropositive, using a commercially avail- 
able enzyme immunoassay (EIA) based on purified hu- 
man T-lymphotropic virus type III B as antigen (Vi- 
ronostika, Organon Teknika, Oss, The Netherlands). 
Seropositivity was confirmed by immunoblotting as 
previously described [Lange et al., 1986]. During fol- 
low-up until April, 1988, 76 of the men initially serone- 
gative for HIV-1 antibody seroconverted, as shown by a 
commercially available EIA based on gag- and env-en- 
coded protein fragments (recombinant HIV EIA, Ab- 
bott Laboratories, North Chicago, IL). All available 
stored, sequentially taken, serum samples from sub- 
jects who were seropositive or who seroconverted for 
antibodies to HIV-1 structural proteins were tested ret- 
rospectively for antibodies to nef, rev, tat, vpu, and vpr. 
In four of the HIV-1 antibody seroconverters, insuffi- 
cient sera were available for detection of accessory 



gene product-specific antibodies. One of these four men 
developed AIDS (CDC IV Cl) 18 months after serocon- 
version. The mean duration of follow-up for the re- 
maining 72 HIV-1 antibody seroconverters was 20.8 
months (range 3-38 months). In 47 of the at-entry 
HIV-1 antibody seropositive men, follow-up was too 
short, and accessory gene product-specific antibody 
patterns could not be properly determined. In 7 of these 
47 men, AIDS (CDC IV Cl in 3, CDC IV D in 4 men) 
was diagnosed 3-15 months after entry into the study. 
In another at-entry HIV-1 antibody seropositive man 
who developed AIDS (CDC IV Cl) 18 months after 
study entry, accessory gene product-specific antibody 
patterns could not be determined because of lack of 
available serum samples. The mean duration of follow- 
up for the remaining 190 at-entry HIV-1 antibody 
seropositive men was 34.0 months (range 15-45 
months). 

Therefore for the present study sufficient data con- 
cerning accessory gene product-specific antibodies 
were available from 72 HIV-1 antibody seroconverters, 
5 of whom had developed AIDS after a mean of 20.8 
(range 11-30) months of follow-up, and from 190 at- 
entry seropositives, 28 of whom had developed AIDS 
after at least 15 months of follow-up (mean 26 months; 
range 15-39 months). 

Detection of Accessory Gene 
Product-Specific Antibodies 

Nef rev, tat, vpu, and vpr were produced in E. coli as 
galactokinase fusion proteins. The bacterially synthe- 
sized nef rev, tat, vpu, and vpr were purified to greater 
than 95% homogeneity, and EIA was performed as de- 
scribed by Goudsmit et al. [1988], except that horse- 
radish peroxidase-labeled goat anti-human IgG (KPL, 
Gaithersburg, MD) was used, instead of biotinylated 
goat anti-human IgG with streptavidin-biotinylated 
horseradish peroxidase complex. The last obtained se- 
rum samples of 100 of the longitudinally followed con- 
sistently HIV-1 antibody seronegative homosexual 
men were used as controls. A sample was considered to 
contain nef-, rev-, tat-, vpu-, and upr-specific antibodies 
respectively if OD (sample) > OD (average of 100 HIV- 
1 antibody negative control samples) + 4 SD. Thus 
calculated, the rounded-off cut-off OD values for nef-, 
rev-, tat-, vpu-, and upr-specific antibodies were 350, 
300, 450, 350, and 400, respectively. OD ratios were 
calculated as the measured OD divided by the cut-off 
for the respective accessory gene product-specific anti- 
body assay. 

Classification of Patterns of Antibody Response 
to Accessory Gene Products in Serial Serum 
Samples From Men Seroconverting or 
Seropositive for Antibodies to HIV-1 
Structural Proteins 

For each of the five accessory gene products five dif- 
ferent patterns (groups) were distinguished. 



Progression to AIDS in HIV-Positive Men 

1 Accessory gene product-specific antibodies were 
detected in all samples (persistently positive; group 1). 

2 No accessory gene product-specific antibodies 
were found at the time of gag/env seroconversion or 
entry into the study, but they subsequently appeared 
and remained detectable throughout follow-up (sero- 
conversion for accessory gene product-specific antibod- 
ies; group 2). 

3. Accessory gene product-specific antibodies could 
not be detected in any of the samples (persistently neg- 
ative; group 3). 

4. Accessory gene product-specific antibodies were 
found from the time of gag/env seroconversion or at 
entry into the study, but subsequently disappeared and 
remained undetectable throughout follow-up (tran- 
siently positive; group 4). 

5. One or more samples in which accessory gene 
product-specific antibodies were detected were pre- 
ceded and followed by samples in which no such anti- 
bodies were detected (intermittently positive; group 5). 

In the HIV-1 antibody seroconverters belonging to 
groups 2 and 5, the median time to first detection of 
accessory gene product-specific antibodies was 1-6 
months, depending on the type of antibody and usually 
was less than 12 months. There were four exceptions: 
one anti-rce/* seroconversion at 21 months, one anti-n?i> 
seroconversion at 32 months, and one anti-tat serocon- 
version at 18 months after gagfenv seroconversion. In 
one subject who was intermittently positive for anti- 
rev, anti-reu was first detected 18 months after gag/env 
seroconversion. In the HIV-1 antibody seroconverters 
belonging to groups 4 and 5, the median duration of the 
periods during which accessory gene-specific antibod- 
ies were detectable was 1.5-16.5 months but usually 
was less than 12 months. There were five exceptions: in 
two men transient detection of anti-opr for 15 and 18 
months respectively; intermittent detection of anti-ne£ 
anti-rev, and anti-£a£, each in one different subject, for 
17, 24, and 15 months, respectively. Therefore in order 
to classify the accessory gene product-specific antibody 
patterns reliably in the at-entry HIV-1 antibody sero- 
positive men, only men with at least 15 months of fol- 
low-up were considered, thereby minimizing the possi- 
bility of misclassification. 

As we have described previously [Reiss et al., 
1989a,c, in press], the OD values for detectable acces- 
sory gene product-specific antibody in subjects with 
transiently or intermittently detectable antibodies 
were clearly lower than in subjects in whom accessory 
gene product-specific antibodies were or became persis- 
tently detectable. For this reason, when determining 
the prevalence of the various accessory gene product- 
specific antibody patterns in subjects who developed 
AIDS in different consecutive years after the start of 
the study, subjects with persistently detectable acces- 
sory gene product-specific antibodies (groups 1 and 2) 
were considered as a single group (nef-, rev-, tat-, vpu-, 
or ypr-specific antibody positive) as were subjects with 
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transiently, or intermittently detectable, or non-detect- 
able accessory gene product-specific antibodies (nef-, 
rev-, tat-, vpu-, or upr-specific antibody negative). 

Clinical Classification 

Subjects were assessed according to the Centers for 
Disease Control (CDC) criteria [Centers for Disease 
Control, 1986]. Patients with AIDS belonged to CDC 
IV CI (22 patients), CDC IV D (10 patients, 9 with 
Kaposi's sarcoma and 1 with malignant lymphoma), or 
CDC IV B (1 patient with AIDS dementia). 

Statistics 

Chi-square for trend was used when appropriate. 

RESULTS 

Levels of Antibody Response to nef, rev, 
tat, vpu, and vpr in the HIV-1 Antibody 
Seroconverting Men 

The mean OD ratios of antibodies to nef, rev, tat, vpu, 
and vpr in the 5 HIV-1 antibody seroconverters who 
developed AIDS compared with the 66 men who re- 
mained symptom-free during follow-up, are depicted in 
Fig. 1. One subject who developed CDC IV A 18 months 
after gag/env seroconversion was not included. In the 
case of antibodies to nef, rev, and tat, the mean OD 
ratios from the time of gag/env seroconversion or 
within 3 months thereafter were lower in the subjects 
developing AIDS than in subjects remaining symptom- 
free. All HIV-1 antibody seroconverters who developed 
AIDS during follow-up did so within 24 months after 
gag/env seroconversion, except for one in whom AIDS 
was diagnosed 30 months after gag/env seroconversion. 
Mean OD ratios of antibodies to vpu and vpr did not 
differ, early after infection, between subjects who de- 
veloped AIDS and those who remained symptom-free. 

Number of Cases of AIDS per Year, Related to 
the Profiles of Antibody Response to nef, rev, 

tat, vpu, and vpr 

Although a rising trend was found in the percentage 
of subjects with nef-, vpu-, or upr-specific antibody pos- 
itive profiles who developed AIDS in 1988 compared 
with 1986 and 1987, this trend could not be demon- 
strated to be significant, possibly because numbers 
were too small. In the case of anti-rei; and anti-tat cases 
of AIDS continued to be predominantly diagnosed in 
subjects with rev- or £a£-specific antibody negative pro- 
files, throughout all 3 years after the start of the study 
(Fig. 2). 

DISCUSSION 

Our data support the recent finding [Cheingsong- 
Popov et al., 1989] that high initial levels of antibodies 
to HIV-1 nef early after infection are associated with 
lack of rapid progression to AIDS. In addition, we found 
a similar association with respect to initial levels of 
antibodies to HIV-1 rev and tat, whereas no obvious 
differences in initial antibody response levels to HIV-1 
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Fig. 1. Mean OD (optical density) ratios (mean of measured OD 
divided by cut-off OD of respective antibody assay) for nef- (A), rev- 
(B), tat- (C), vpu- (D), and vpr- (E)-specific antibodies, in HIV-1 an- 
tibody (gag/env) se reconverting men followed longitudinally, as well 
as cumulative incidence of AIDS in these men. All subjects were 
aligned at the moment of HIV-1 antibody seroconversion, which is 
represented by 0 months. 
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Fig. 2. Percentage of AIDS cases per year, related to profile of nef-, 
rev-, tat-, vpu-, and upr-specific antibodies, respectively. *, first 3 
months. 



vpu and vpr were seen between subjects who did or did 
not progress to AIDS within the period of follow-up. 
Since the number of subjects in our cohort with docu- 
mented HIV-1 antibody seroconversion who had pro- 
gressed to AIDS was small, statistical validation of the 
above associations is not possible at this time, and 
therefore the conclusions remain speculative. 

In previous reports, we found that a higher propor- 
tion of subjects progressed to AIDS, within the group of 
subjects with only transiently or intermittently or with 
no detectable nef- or reu-specific antibodies, in compar- 
ison with the group in which nef- or reu-specific anti- 
bodies were or became persistently detectable [Reiss et 
al., 1989a,c]. In the same cohort of HIV-1 -infected men, 
similar results were obtained when analyzing tat-spe- 
cific antibody responses (Reiss et al., unpublished ob- 
servation). 

Our present results indicate that, when analyzed by 
year of progression, as time goes by, cases of AIDS no 
longer occur preferably in zie/'-specific antibody nega- 
tive, but rather in ne/'-specific antibody positive sub- 
jects. A similar though less marked trend is seen with 
respect to fjpa-specific antibody profiles. These trends 
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were not demonstrated to be statistically significant, 
which may well be due to the small numbers of cases of 
AIDS in 1988, during which year only the first 3 
months were evaluated. With respect to rev- and tat- 
specific antibody profiles, the majority of cases of AIDS 
in the consecutive years after the start of the study 
continued to occur in subjects who were rev- or tat- 
specific antibody negative. Negative and positive vpr- 
specific antibody profiles were more equally distrib- 
uted among AIDS cases without an obvious shift over 
time. In view of the above, prediction of the develop- 
ment of AIDS in subjects with a rief-specific antibody 
negative profile seems only to apply to subjects who 
progress to AIDS relatively rapidly after infection. 
This is in accordance with findings in the same cohort 
of men regarding the predictive value of absence or loss 
of anti-core antibody reactivity [Wolf de et al., 1989]. 

Since it is becoming increasingly evident that the 
vast majority of HIV-1 -infected individuals will even- 
tually develop HIV-l-related disease, markers identi- 
fying those who will progress relatively rapidly are im- 
portant, in order for such subjects to benefit from early 
therapeutic intervention. We conclude that studying 
nef-, rev-, and £a£-specific antibody levels and nef-spe- 
cific antibody profiles may aid in identifying such in- 
dividuals who are at high risk of early disease progres- 
sion. 

ACKNOWLEDGMENTS 

We thank Carla Kuiken for performing the statisti- 
cal analysis and Margreet Bakker for critically review- 
ing the manuscript. 

REFERENCES 

Allan J, Coligan JE, Lee T-H, McLane MF, Kanki PJ, Groopman JE, 
Essex M (1985): A new HTLV-III/LAV encoded antigen detected 
by antibodies from AIDS patients. Science 230:810-813. 

Ameisen J-C, Guy B, Chamaret S, Loche M, Mouton Y, Neyrinck J-L, 
Khalife J } Leprevost C, Beaucaire G, Boutillon C, Gras-Masse H, 
Maniez M, Kieny M-P, Laustriat D, Berthier A, Mach B, Montag- 
nier L, Lecocq J-P, Capron A (1989a): Antibodies to the nef protein 
and to nef peptides in HIV-l-infected seronegative individuals. 
AIDS Research and Human Retroviruses 5:279-291. 

Ameisen J-C, Guy B, Lecocq J-P, Chamaret S, Montagnier L, Loche 
M, Mach B, Tartar A, Mouton Y, Capron A (1989b): Persistent 
antibody response to the HIV-1 negative regulatory factor in HIV- 
1 infected seronegative persons. New England Journal of Medicine 
320:251-252. 

Arya S, Gallo R (1986): Three novel genes of human T-lymphotropic 
virus type III: Immune reactivity of their products with sera from 
acquired immune deficiency syndrome patients. Proceedings of 
the National Academy of Sciences USA 83:2209-2213. 

Barone A, Silva JJ, Ho DD, Gallo RC, Wong-Staal F, Chang N (1986): 
Reactivity of E. co/i-derived tra as-activating protein of human T- 
lymphotropic virus type III with sera from patients with acquired 
immune deficiency syndrome. Journal of Immunology 137:669- 
673. 

Centers for Disease Control (1986): Classification system for human 
T-lymphotropic virus type III/lymphadenopathy-associated virus 
infections. Morbidity and Mortality Weekly Report 35:334-339. 

Chanda P } Ghrayeb J, Wong-Staal F (1988): Nonrandom distribution 
of antibodies to the TRS protein of human immunodeficiency vi- 
rus in infected people with different clinical status. AIDS Re- 
search and Human Retroviruses 4:11-16. 

Cheingsong-Popov R, Panagiotidi C, Bowcock S, Weber J (1989): Prev- 
alence and significance of antibodies to nef(p21) in HIV-1 infec- 



168 



Reiss et al. 



tion. Presented at the Vth International Conference on AIDS, 
Montreal, June, 1989, abstract W.C.R 124. 
Cohen E, TerwiUiger EF, Sodroski JG, Haseltine W (1988): Identifi- 
cation of a protein encoded by the vpu gene of HIV-1. Nature 
334:532-534. 

Franchini G, Robert- Guroff M, Aldovini A, Kan NC, Wong-Staal F 

(1987) : Spectrum of natural antibodies against five HTLV-III an- 
tigens in infected individuals: Correlation of antibody prevalence 
with clinical status. Blood 69:437-441. 

Gallo R, Wong-Staal F, Montagnier L, Haseltine WA, Yoshida M 

(1988) : HIV/HTLV nomenclature. Nature 333:504. 

Goudsmit J, Debouck C, Meloen RH, Smit L, Bakker M, Asher DM, 
Wolff AV, Gibbs CJ, Jr, Gajdusek D (1988): Human immunodefi- 
ciency virus type 1 neutralization epitope with conserved archi- 
tecture elicits early type-specific antibodies in experimentally in- 
fected chimpanzees. Proceedings of the National Academy of 
Sciences USA 85:4478-4482. 

Kan N, Franchini G, Wong-Staal F, DuBois GC, Robey WG, Lauten- 
berger J A, Papas T (1986): Identification of HTLV-III/LAV sor 
gene product and detection of antibodies in human sera. Science 
231:1553-1555. 

Krone W, Debouck C, Epstein LG } Heutink P, Meloen RH, Goudsmit 
J (1988): Natural antibodies to HIV -tat epitopes and expression of 
HIV-1 genes in vivo. Journal of Medical Virology 26:261-270. 

Lange J, Paul DA, Huisman HG, Wolf de F, Berg van den H, Coutinho 
RA, Danner SA, Noordaa van der J, Goudsmit J (1986): Persistent 
HIV antigenaemia and decline of HIV core antibodies associated 
with transition to AIDS. British Medical Journal 293:1459-1462. 

Lee T-H, Coligan JE, Allan JS, McLane MF, Groopman JE, Essex M 
(1986): A new HTLV-III/LAV protein encoded by a gene found in 
cytopathic retroviruses. Science 231:1546-1549. 

Matsuda Z, Chou M-J, Matsuda M, Huang J-H, Chen Y-M, Redfield R, 
Mayer K, Essex M, Lee T-H (1988): Human immunodeficiency 
virus type 1 has an additional coding sequence in the central re- 
gion of the genome. Proceedings of the National Academy of Sci- 
ences USA 85:6968-6972. 

Reiss P, Ronde de A, Lange JMA, Wolf de F, Dekker J, Debouck C, 



Goudsmit J (1989a): Antibody response to the viral negative factor 
(nef) in HIV-1 infection: A correlate of levels of HIV-1 expression. 
AIDS 3:227-233. 

Reiss P, Ronde de A, Wolf de F, Debouck C, Lange JMA, Goudsmit J 
(1989b): Seroconversion to HIV-1 rev- and fa^-gene-encoded pro- 
teins. AIDS 3:105-106. 

Reiss P, Ronde de A, Lange JMA, Wolf de F, Dekker J, Danner SA, 
Debouck C, Goudsmit J (1989): Low antigenicity of HIV-1 rev: 
reu-Specific antibody response is of limited value as correlate of 
reu-gene expression and disease progression. AIDS Research and 
Human Retroviruses 5:621-628. 

Reiss P, Lange JMA, de Ronde A, de Wolf F, Dekker J, Danner SA, 
Debouck C, Goudsmit J (in press): Antibody response to viral 
proteins U (vpu) and R (vpr) in HIV-l-infected individuals. Jour- 
nal of Acquired Immune Deficiency Syndromes. 

Ronde de A, Reiss P, Dekker J, Wolf de F, Hoek van den A, Wolfs T, 
Debouck C, Goudsmit J (1988): Seroconversion to HIV-1 negative 
regulation factor. Lancet ii:574. 

Sabatier J-M, Clerget-Raslain B, Fontan G, Fenouillet E, Rochat H, 
Granier C, Gluckman J-C, Rietschoten van J, Montagnier L, 
Bahraoui E (1989): Use of synthetic peptides for the detection of 
antibodies against the nef regulating protein in sera of HIV-in- 
fected patients. AIDS 3:215-220. 

Strebel K, Klimkait T, Martin M (1988): A novel gene of HIV-1, vpu, 
and its 16 kilodalton product. Science 241:1221-1223. 

Wolf de F, Lange JMA, Houweling JTM, Coutinho RA, Schellekens 
PTh, Noordaa van der J, Goudsmit J (1988): Numbers of CD4 + 
cells and the levels of core antigens of and antibodies to the human 
immunodeficiency virus as predictors of AIDS among seropositive 
homosexual men. Journal of Infectious Diseases 158:615-622. 

Wolf de F, Lange JMA, Houweling JTM, Mulder JW, Beemster J, 
Schellekens PTh, Coutinho RA, Noordaa van der J, Goudsmit J 
(1989): Appearance of predictors of disease progression in relation 
to the development of AIDS. AIDS 3:563-569. 

Wong-Staal F, Chanda PK, Ghrayeb J (1987): Human immunodefi- 
ciency virus: The eighth gene. AIDS Research and Human Retro- 
viruses 3:33-39. 



Journal of Virology, Feb. 1995, p. 1243-1252 
0022-538X/95/$04.00+0 

Copyright © 1995, American Society for Microbiology 



Vol. 69, No. 2 



Extracellular Vpr Protein Increases Cellular Permissiveness 
to Human Immunodeficiency Virus Replication 
and Reactivates Virus from Latency 

DAVID N. LEVY, YOSEF REFAELI,t and DAVID B. WEINER* 

Department of Pathology and Laboratory Medicine, University of Pennsylvania, 

Philadelphia, Pennsylvania 19104-4283 

Received 12 September 1994/Accepted 20 October 1994 

The vpr gene product of human immunodeficiency virus (HIV) and simian immunodeficiency virus is a 
virion-associated regulatory protein that has been shown using vpr mutant viruses to increase virus replication, 
particularly in monocytes/macrophages. We have previously shown that vpr can directly inhibit cell prolifer- 
ation and induce cell differentiation, events linked to the control of HIV replication, and also that the 
replication of a vpr mutant but not that of wild-type HIV type 1 (HIV-1) was compatible with cellular 
proliferation (D. N. Levy, L. S. Fernandes, W. V. Williams, and D. B. Weiner, Cell 72:541-550, 1993). Here we 
show that purified recombinant Vpr protein, in concentrations of <100 pg/ml to 100 ng/ml, increases wild-type 
HIV-1 replication in newly infected transformed cell lines via a long-lasting increase in cellular permissiveness 
to HIV replication. The activity of extracellular Vpr protein could be completely inhibited by anti-Vpr anti- 
bodies. Extracellular Vpr also induced efficient HIV-1 replication in newly infected resting peripheral blood 
mononuclear cells. Extracellular Vpr transcomplemented a vpr mutant virus which was deficient in replication 
in promonocytic cells, restoring full replication competence. In addition, extracellular Vpr reactivated HIV-1 
expression in five latently infected cell lines of T-cell, B-cell, and promonocytic origin which normally express 
very low levels of HIV RNA and protein, indicating an activation of translational or pretranslational events in 
the virus life cycle. Together, these results describe a novel pathway governing HIV replication and a potential 
target for the development of anti-HIV therapeutics. 



Human immunodeficiency virus (HIV) replication is con- 
trolled at multiple levels. The interplay of extracellular factors 
(e.g., cytokines, hormones, activated immune cells, and other 
pathogens) and intracellular factors (e.g., transcription factors 
and DNA replication factors) and viral regulatory proteins 
establish positive and negative regulatory systems controlling 
virus expression (for reviews, see references 13, 31, 40, 50, 62). 
The establishment of either productive or nonproductive (la- 
tent) HIV infection is regulated both by the virus and by the 
status of the host cells through poorly defined mechanisms. 
Latency in HIV infection may be an important mechanism for 
viral persistence in vivo. The permissiveness of target cells to 
infection and replication is linked to cellular proliferation, 
activation, and differentiation, which are in turn regulated by a 
variety of host factors. For example, T-cell activation is re- 
quired for the completion of viral reverse transcription and 
integration (5, 60, 69), though DNA synthesis and cell division 
are not required for HIV replication in T cells (34, 35). In- 
fected resting T cells may provide a pool of latently infected 
cells from which virus may be induced after immune stimula- 
tion in vivo (3, 70). On the other hand, HIV and Ientiviruses in 
general are unusual retroviruses in their ability to replicate in 
nonproliferating terminally differentiated macrophages (re- 
viewed in reference 13). Macrophages constitute a second ma- 
jor reservoir for HIV (20, 25, 33, 43) and are often latently 
infected in vivo (12, 41), and virus replication can be induced 
by immune activation (41, 54, 55). 
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The vpr open reading frame of HIV type 1 (HIV-1) encodes 
a 96-amino-acid protein with an apparent molecular size of 12 
to 15 kDa (66). In vitro studies using vpr mutant viruses indi- 
cated somewhat slower replication kinetics than those with 
wild-type virus in T-lymphoid lines and primary T cells (44, 56, 
57) and particularly poor replication in primary monocytes 
(24). Antisense vpr phosphorothioate deoxy nucleotides have 
been reported to inhibit HIV-1 replication in macrophages (1). 
A vpr-nef mutant simian immunodeficiency virus (SIV) failed 
to establish pathogenic infection in monkeys (28), suggesting a 
vital role in replication in vivo. However the mechanism 
through which Vpr acts is not known. Vpr may assist Gag 
functions (37, 47), nuclear localization of the preintegration 
complex (71), and/or it may assist HIV transcription (7). We 
have previously reported that vpr y alone or in the context of the 
virus, arrests the proliferation of and induces gross morpho- 
logical changes in a variety of cell types and allows differenti- 
ation of muscle tumor cells (29, and unpublished observa- 
tions). While wild-type HIV-1 replication was incompatible 
with rhabdomyosarcoma proliferation, deletion of Vpr from 
the HIV-1 genome allowed the maintenance of a population of 
cells which proliferated in the presence of active HIV-1 repli- 
cation (29), leading to the proposition that through dysregula- 
tion of cellular proliferation and differentiation, Vpr may con- 
tribute to HIV pathogenesis. Another prediction resulting 
from that study was that via its effects on cells, Vpr regulates 
cellular permissiveness to HIV replication. 

Vpr protein is found in virions of HIV-1, HIV-2, and SIV (6, 
67, 68). The incorporation of Vpr protein into the viral particle 
provides both a mechanism for delivery of Vpr protein into 
cells at the time of infection and also a means of export of Vpr 
from infected cells. Here we report that recombinant Vpr 
protein, when added to cell culture medium at a low concen- 
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tration, is a powerful activator of HIV replication in new in- 
fection of transformed and primary cells as well as in latently 
infected cell lines. In latently infected cell lines, Vpr protein 
increases HIV expression at a translational or pretranslational 
stage. Further, extracellular Vpr protein establishes a pool of 
efficient targets of HIV replication, as cells exposed to Vpr 
protein produce increased virus when infected several days 
after exposure to Vpr. 

MATERIALS AND METHODS 

Plasmids and cloning: construction of vpr baculovirus vector. A fragment 
from the pBABEpuro-vpr vector previously described (29, 30), containing the vpr 
open reading frame of HIV-1 NL43 with the consensus eukaryotic ribosome 
binding site, was excised using BamW-X and then ligated into &imH-I-cut bac- 
ulovirns vector pVL1393 (Invitrogen). pVL1393 is derived from the Auiographa 
califomica nuclear polyhedrosis virus (AcA/NPV) and uses the polyhedrin pro- 
moter (Ppoih) f° r expression of cloned inserts. pVL1393-vp/- DNA and linearized 
AcAfNPV DNA (BaculoGold, Pharmingen) were transfected into SF9 (Spodop- 
tera frugiperda) cells (Invitrogen). To provide control virus not coding for the Vpr 
protein, pVL1393 vector lacking an insert was transfected along with BaculoGold 
DNA in a manner identical to that described above and all subsequent expres- 
sion procedures were carried out as for Vpr expression. Viral stocks used for 
further infection of insect cells were prepared after plaque purification of re- 
combinant baculoviruses. 

Insect cell culture. SF9 were grown as adherent cells in Costar T-75 flasks in 
Grace's modified insect medium (Gibco) supplemented with yeastolate (Gibco)- 
lactalbumin hydrolysate (Gibco)-10% fetal calf serum (FCS)-penicillin-strepto- 
mycin, and fungizone (Sigma) at 25°C. High Five cells (Trichoptusia ni) (Invitro- 
gen) were grown in SF-900 medium (Gibco) supplemented as above except 
without FCS. 

Mammalian cell culture. TE671 embryonal rhabdomyosarcoma cells (ATCC 
HTB 139) (39, 61) were obtained from the American Type Culture Collection 
(ATCC) and cultured in Dulbecco's modified Eagle medium plus 10% FCS- 
penicillin-streptomycin-sodium pyruvate-25 mM HEPES (N-2-hydroxyeth- 
ylpiperazine-W'-2-ethanesulfonic acid) (pH 7.4) at 37°C in a humidified 5% C0 2 
atmosphere. Uninfected H9 (52), SupT-1 (58), and U937 cells and the latently 
infected lines Jl.l (derived from Jurkat [48]), ACH-2 (derived from an A3.01 
clone of CEM [14]), OM.10.1 (derived from HL60 [4]), Ul (derived from U937 
[15]), and LL58 (derived from X50.7, an Epstein-Barr virus- transformed B- 
lymphoblastoid cell line [9]) were obtained from the National Institutes of 
Health AIDS Reagent Program (NIH ARP). KG-1 was obtained from Georgio 
Trinchieri. HL60 was purchased from the ATCC. THP-1 was kindly provided by 
the Medical Research Council AIDS Directed Programme Reagent Project. 
Peripheral blood mononuclear cells (PBMC) were isolated from a healthy HIV- 
negative donor by Ficoll-Hypaque centrifugation. All primary and transformed 
cells were cultured at 3TC in a humidified 5% C0 2 atmosphere in RPMI 1640 
supplemented with 10% heat-inactivated FCS (or 10% autologous human serum 
for PBMC)-penicillin-streptomycin-2-mercaptoethanol-25 mM HEPES (pH 
7.4). 

Protein expression. Recombinant baculovirus, either containing (Vpr) or lack- 
ing (control) the vpr gene, from transfected SF9 cells was used to infect High Five 
cells at a multiplicity of infection of 5 to 10. High Five cells were grown prior to 
infection in T-75 flasks and then transferred to a 250-ml spinner flask 1 day 
before infection and grown as described above. Only healthy (>95% viability) 
log-phase growth cultures at a cell density of 2 x 10 6 cells/ml were infected for 
protein production. At peak protein production (24 h postinfection), superna- 
tants were collected and centrifuged to remove particulates, and protease inhib- 
itors were added (aprotinin, leu pep tin, pepstatin A, each at 2 u.g/ml; phenyl- 
methylsulfonyl fluoride, 1 mM; EDTA, 1 mM). Supernatants were then dialyzed 
against three changes of 100 volumes of 10 mM Tris (pH 8.5) with 10 jaM 
2-mercaptoethanol (Sigma). Dialyzed supernatants were filtered through a 0.45- 
u.m-pore-size membrane and then supplemented with HEPES (pH 7.4) to 25 
mM. Vpr and control supernatants prepared in this manner were stored on ice 
until use. Vpr and control preparations were mycoplasma and endotoxin nega- 
tive. No infectious baculovirus remained after these procedures, as determined 
by an infection plaque assay. 

Preparation of LR1 rabbit anti-Vpr serum. Recombinant Vpr was purified to 
about 80% purity by immunoaffinity chromatography using 808 rabbit anti-Vpr 
serum (obtained from B. Cullen through the NIH ARP [19]), followed by 
DEAE-Sepharose chromatography. This product was used to immunized a rab- 
bit three times. A fourth and fifth immunizations were performed using three 
Vpr peptides from the amino and carboxyl termini and the central portion of Vpr 
(HIV-1 NL43 Vpr amino acids 9 to 20, GPQREPYNYWTL; 41 to 55, SLGQH 
IYETYGDTWA; and 81 to 96, HFRIGCRSHRIGITRQRRARNGASRS) (pur- 
chased from American BioTechnologies) coupled to keyhole limpet hemocyanin. 
LR1 rabbit anti-Vpr serum recognized recombinant Vpr, Vpr from HIV-1 - 
infected cells, and Vpr in the serum of HIV-positive individuals in enzyme-linked 
immunosorbent assay (ELISA) and Western immunoblot and did not react with 



any other cellular or viral proteins. All sera were heat inactivated for use in tissue 
culture. 

Purification of Vpr by immunoaffinity chromatography. LR1 immunoglobulin 
G was coupled to protein G-agarose beads using DMP (22). Dialyzed baculovirus 
culture supernatant (Vpr containing or control) was passed through the LR1- 
protein G immunoaffinity column, and then the column was washed extensively 
with phosphate-buffered saline (PBS) plus 0.5% Triton X-100. Three bed vol- 
umes of preelution buffer consisting of 10 mM sodium phosphate (pH 8.0)-0.5% 
Triton X-100 was passed through, followed by elution buffer consisting of 100 
mM triethanolamine (pH 11.5) plus 0.5% Triton X-100. The eluted fractions 
were collected in 1/20 volume of 1 M sodium phosphate (pH 6.8). For use in 
tissue culture, Vpr-containing fractions were passed through a detergent removal 
column (Pierce), dialyzed extensively against PBS, filter sterilized, and stored at 
4°C until use. Purified Vpr was used where indicated; alternatively, dialyzed 
Vpr-containing culture medium was applied at a final concentration of 400 pgfail. 
Control column eluate was used as a control for purified Vpr, and control insect 
culture medium was used as a control when Vpr-containing culture medium was 
applied. Neither of the negative control preparations (purified protein or bacu- 
lovirus supernatants) displayed any activity in more than 25 independent exper- 
iments. Quantification of purified Vpr was performed by Coomassie staining of 
sodium dodecyl sulfate (SDS)-polyacrylamide gels, using known amounts of 
protein molecular weight standards for comparison of band intensity. The Vpr 
content of baculovirus supernatants was measured by titration in ELISA, using 
serial dilutions of purified Vpr as a standard. Purified Vpr and Vpr-containing 
baculovirus supernatants displayed identical activity in HIV replication studies 
per picogram of Vpr. 

Virus stocks and infection of cells with HIV-1. Virus stocks were obtained 
from the NIH ARP, thawed once, aliquoted, and then stored at — B(fC until use. 
An HIV-1 vpr deletion mutant, NL43Avpr, has been previously described (29). 
For Vpr mutation studies, wild-type NL43 and Vpr mutant NL43Avpr were 
produced following transfection of SupT-1 cells by electroporation. Virus stocks 
were normalized for virus content for infection. Infection of cells was performed 
by incubating virus with cells under standard tissue culture conditions for 12 h 
and then washing cells with growth medium to remove unbound virus. Typically, 
100 50% tissue culture infective doses (TCIDso) were used to infect 50 X 10* to 
100 x 10 3 cells. No effect on either infection efficiency or Vpr response was 
observed by using from 10 TCIDjo to 6 x 10 4 TCID^ Polybrene had no effect 
in this assay. No p24 antigen was detectable in supernatants following washing of 
cells. Culture medium was replaced as required by cell growth, equally, to all 
wells. 

p24 and Vpr antigen capture EUSA p24* B * antigen was measured by capture 
ELISA, using a monoclonal antibody in solid phase (V7.8, obtained from Evan 
Hersh through the NIH ARP) and polyclonal sheep anti-p24 (obtained from 
Michael Phelan through the NIH ARP) followed by a peroxidase-coupled anti- 
sheep antibody (Boehringer Mannheim) for detection of bound antigen. Com- 
mercial recombinant p24 (ABT) was titrated as a standard curve, and the re- 
sponse was linear on log plots over the range of 0.2 pg/ml to 10 ng/ml. Sensitivity 
was 2 to 10 pg/ml in tissue culture supernatants owing to a dilution of 1:10 used 
in the assay. Standard deviation in ELISA duplicates was typically <1% to 10%. 

Fluorescence staining, flow cytometry, and photomicrography. Prior to being 
stained, cells were fixed with 80% ethanol-10% acetic acid at -20°C for 10 min 
and then washed with FACS buffer (Hanks balanced salt solution, 5% horse 
serum, 0.1% sodium azide, 25 mM HEPES [pH 7.4]). The fixed cells were then 
incubated with a cocktail of anti-p24 mouse monoclonal antibodies, washed 
extensively with FACS buffer, incubated with either anti-mouse rhodamine- 
conjugated antibody (for micrography; Boehringer Mannheim) or anti-mouse 
fluorescein isothiocyanate (for flow cytometry; Boehringer Mannheim), and then 
washed extensively with FACS buffer. Cells were fixed with 1% paraformalde- 
hyde immediately after being stained. Immunofluorescence photomicrography 
was performed using a microscope, color-charged coupled device camera, and 
video and video printing devices kindly loaned to us by Kristin Kelley and Optical 
Apparatus, Inc. The original magnification was X200. 



RESULTS 

Expression of recombinant HIV-1 Vpr. Native HIV Vpr was 
produced in insect cells after infection with recombinant bac- 
ulovirus containing the vpr open reading frame cloned from 
the infectious HIV-1 molecular clone NL43. Surprisingly, the 
vast majority of Vpr was found in the culture supernatant of 
recombinant baculovirus-infected insect cells rather than in 
association with the cells. The recombinant Vpr was identical 
to Vpr from HIV-infected cells in migration on SDS-polyacryl- 
amide gel electrophoresis (Fig. 1A). Recombinant Vpr had a 
reactivity identical to that of viral Vpr in Western immunoblot 
and ELISA with anti-Vpr serum and HIV-positive patient se- 
rum. Anti-Vpr serum (LR1) was produced in rabbits after 
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FIG. 1. Recombinant Vpr and reactivity of anti-Vpr antisera. (A) Vpr-con- 
taining recombinant baculovirus supernatants and lysates of HIV- 1 -infected cells 
(NL43 and MN strains) were run on SDS-15% polyacrylamide gels, transferred 
for Western blot, and probed with anti-Vpr peptide serum 808. (B) Recombinant 
Vpr was run and transferred as described for panel A and then probed with 
either HIV-positive patient serum or with anti-Vpr serum from a recombinant 
Vpr-immunized rabbit. (C) Purification of recombinant Vpr. Recombinant Vpr 
was purified by immunoaffinity chromatography, and then 5 u,g was loaded on an 
SDS-15% polyacrylamide gel which was then silver stained. Left lane, eluate 
from Vpr-containing baculovirus supernatant; right lane, eluate from control 
baculovirus supernatant. 



immunization with partially purified protein and Vpr peptides 
(Fig. IB). 

Recombinant Vpr protein displays biological activity. The 
presence of most of the Vpr protein in the insect cell super- 
natant was intriguing and prompted us to investigate the 
possibility that this protein displayed biological activity as an 
extracellular molecule. Continuous exposure of TE671 rhabdo- 
myosarcoma cells to Vpr induced growth inhibition and cell 
differentiation as had transfection with the vpr gene (29, 30) 
(not shown). 

We chose to first investigate whether soluble Vpr protein 
could affect the replication of wild-type HIV, for this might 
have relevance to infection with wild- type viruses in vivo. 
Recombinant Vpr protein was purified by using immunoaffin- 
ity chromatography (Fig. 1C). Purified recombinant Vpr dis- 
played migration and antibody reactivity identical to that of the 
crude recombinant protein preparation or native viral Vpr. We 
exposed four cell lines, two promonocytic lines (THP-1 and 
U937) and two T- lymphoid lines (H9 and SupT-1), to concen- 
trations of 0.5 pg/ml to 1 jig/ml of purified Vpr at the time of 
infection with HIV-1 NL43, washed out both the vims and Vpr 
after 12 h, and then assayed the presence of new virus in the 
culture medium. Virus production from each cell line was 
assessed on day 6 by p24 ELISA for each amount of purified 
Vpr to which the cells were exposed (Fig. 2). The two 
promonocytic cell lines showed an increase in virus production 
beginning at less than 100 pg of Vpr per ml for the U937 cell 
line and around 300 pg/ml for the THP-1 promonocytic cell 
line. Peak virus production was found using 600 to 2,000 pg of 
Vpr per ml for each cell line, with an enhancement of 10- to 
15-fold in virus production by day 6. Similar data were ob- 
tained with two other cell lines, HL60, a promonocytic/eryth- 
rocytic line, and the promonocytic line KG-L The T-lympho- 
cytic cell lines also responded to Vpr treatment with an 
increase in virus production. A decrease in Vpr response was 
found with doses greater than 4 x 10 4 to 10 X 10 4 pg/ml with 
the exception of the H9 T-lymphoid cell line, which was the 
least responsive to Vpr. H9 cells continued to show increased 
virus replication at doses up through 1 u,g of Vpr per ml. 
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FIG. 2. Dose response of purified recombinant Vpr in HTV-1 infection. The 
indicated cell lines were infected with HTV-1 in the presence of various amounts 
of purified recombinant Vpr protein. At 12 h after infection and Vpr exposure, 
the cells were washed to remove residual virus and Vpr; they were then cultured 
under standard conditions. p2A* ag protein was assessed on day 6 by capture 
ELISA as described in Materials and Methods. p24 values and standard devia- 
tions were computed from duplicate cultures. 



Virus production could be detected in the culture medium of 
the Vpr-treated cells typically 1 day earlier than from the 
untreated cells and continued to be 10 to 20 times higher for 
about 7 days after infection (Fig. 3). To further test whether 
the increase in virus replication was solely an effect of the Vpr 
protein, U937 and SupT-1 cells were exposed to 320 pg of Vpr 
per ml at the time of infection in the presence of anti-Vpr 
antibodies, control antibodies, or medium alone. The Vpr ef- 
fect was completely inhibited by anti-Vpr antibodies but was 
not affected by control immune serum (Fig. 3). LR1 anti-Vpr 
serum also inhibited Vpr activity. After about 1 week following 
infection and exposure to Vpr, virus production from Vpr- 
treated and untreated cells was found to be the same, indicat- 
ing that Vpr functioned to increase the rate of virus production 
in culture, consistent with previous findings using vpr mutant 
viruses that Vpr increases replication kinetics (24, 44, 56, 57). 

Extracellular Vpr protein complements a vpr mutant HIV-1. 
We investigated whether extracellular Vpr protein would re- 
store replication to a vpr deletion mutant virus. Wild-type 
NL43 or the vpr mutant NL43Avpr (29) was used to infect 
SupT-1 or U937 cells in the presence or absence of Vpr. NL43 
and NL43Avpr replicated equally in the T-lymphocytic Sup-Tl 
cell line, and the extracellular Vpr-treated cells displayed equal 
increases in virus expression for each virus (Fig. 4). Similar 
results were obtained with the H9 T-lymphocytic cell line (not 
shown). On the other hand, NL43Avpr replicated poorly in the 
U937 monocytic line. Extracellular Vpr restored the replica- 
tion of the Vpr mutant in this cell line; in fact the replication 
of the Vpr mutant plus Vpr was faster in the early days than 
was that of the wild-type virus without extracellular Vpr but 
not as fast as that of wild-type virus plus Vpr. Similar results 
were obtained with the THP-1 monocytic cell line. This result 
suggests that both endogenously produced (virally encoded) 
Vpr and exogenous Vpr were active in monocytic infection but 
that only extracellular Vpr appeared to contribute to HIV 
replication in the T-cell lines. 
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Days after infection Days after infection 

FIG. 3. Time course of HIV infection and antibody inhibition of Vpr activity. SupT-1 T-lymphoblastic cells or U937 monocytoid cells were exposed to 320 pg of 
purified Vpr per ml at the time of infection with HIV-1 NL43. In addition, some wells received rabbit anti-Vpr serum or an irrelevant rabbit immune serum. Virus 
production was assessed by p24 ELISA on culture supernatants collected on the indicated days after infection and exposure to agents. p24 values represent mean values 
from duplicate cultures. 



The Vpr effect is aimed at the cellular targets of infection. 

Vpr may directly assist virus replication through an interaction 
with other viral constituents, or it may regulate cellular events 
involved in virus replication, or both. The ability of the vpr 
gene to regulate the proliferation and differentiation of various 
cell types (29) suggested that Vpr may affect cellular permis- 
siveness to productive HIV infection. In order to test this 
theory, cells were exposed to either Vpr or control protein for 
12 h and the cells were then washed and rested in normal 
culture medium for 5 days prior to infection (Fig. 5). In each 
case, the Vpr-treated cells displayed an increase in HIV pro- 
duction identical to treatment of the cells at the time of infec- 
tion. Cells cultured for up to 1 week after Vpr treatment (the 
longest time tested) retained increased permissiveness to HIV 
replication. Interestingly, the Vpr mutant virus replicated sig- 
nificantly better in the Vpr-treated monocytic cells than in the 



control cells, paralleling the results obtained in monocytic cells 
treated with Vpr at the time of infection. 

Vpr is active in primary hematopoietic cells. We next exam- 
ined the activity of extracellular Vpr on natural targets of HIV 
infection. PBMC from a HIV-negative donor were infected 
with HIV-1 in the presence of the cell activators phytohemag- 
glutinin (PHA) and interleukin-2 (IL-2) or Vpr or a combina- 
tion of each for 12 h (Fig. 6); then all agents and infecting virus 
were washed from the cultures. This transient treatment with 
PHA and IL-2 failed to increase HIV-1 replication; however, 
HIV-1 replication was significantly greater in the Vpr-treated 
PBMC. The combination of Vpr and PHA- IL-2 yielded greater 
virus production than either alone, indicating that the subop- 
timal exposure to PHA-IL-2 did affect the cells in a manner 
that could be enhanced by Vpr. 

Vpr activates virus from latently infected cells. Cultures of 




Days after Infection Days after Infection 

FIG. 4. Extracellular Vpr complementation of a Vpr deletion mutant HIV-1. Cells were infected with either wild-type HIV-1 NL43 or the Vpr mutant HIV-1 
NL43Avpr at the time of exposure to purified Vpr {320 pg/ml). Other procedures were performed as described in the legend to Fig. 3. 
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Days after Infection Days after Infection 

FIG. S. Vpr induction of a long-lasting permissiveness to HIV replication. Cells were exposed to 320 pg of purified Vpr per ml for 12 h, washed, and then cultured 
in normal growth medium for 5 days prior to infection. Other procedures were performed as described in the legend to Fig. 3. 



cells infected with HIV often spontaneously decline in virus 
production and enter what is variously termed nonproductive, 
silent, or latent infection. This tendency of HIV to establish 
chronic low-level expression may be an important factor in 
viral persistence in vivo. We next investigated whether Vpr 
could rescue HIV expression in such cells. A culture of HIV- 
1 -infected THP-1 monocytic cells, from which measurable vi- 
rus production had declined to undetectable levels 2 weeks 
after infection, was exposed to soluble Vpr or to the phorbol 
ester phorbol myristate acetate (PMA) for the first time on day 
20 after infection. PMA stimulates HIV transcription through 
activation of protein kinase C. Virus export resumed after a 
single exposure to Vpr or PMA, and significant levels of virus 
production continued for at least 3 weeks following treatment 
(Fig. 7). The levels of virus replication achieved in the Vpr- 
stimulated cultures were severalfold greater than those of the 



PMA-stimuIated cultures. Similar reactivation of HIV-1 ex- 
pression was obtained by using nonproductive ly infected cul- 
tures of U937 and HL60 cells, and in each case Vpr induction 
was three- to fivefold greater than PMA induction (not shown). 
In addition, in some experiments, virus export could be mea- 
sured in the culture supernatant as soon as 14 h after Vpr 
exposure. 

Several well-characterized, latently infected clonal cell lines 
have been developed as in vitro models of cellular latency (4, 
8, 14, 15, 48). These cell lines come from multiple investigators, 
and with one exception (LL58), each has been shown to re- 
sume or increase virus expression after exposure to phorbol 
ester or tumor necrosis factor alpha. Virus expression has also 
been induced in the Ul line by IL-6 (49), gamma interferon 
(49, 59), granulocyte-macrophage colony-stimulating factor 



650- 




Days after Infection 

FIG. 6. Vpr increases HIV-1 replication in primary PBMC. PBMC from a 
healthy HIV-negative donor were prepared by Ficoll-Hypaque centrifugation 
and then cultured in the presence of the indicated agents for 12 h at the time of 
infection. PHA, 5 fig/ml; 11^2, 50 U/ml; Vpr, 400 pg/ml. Other procedures were 
performed as described in the legend to Fig. 3. 




1 2 3 5 7 10 18 19 20 21 23 24 25 29 34 44 

Days after Infection 

FIG. 7. Reactivation of HIV-1 expression from a spontaneously quiescent 
culture. THP-1 monocytoid cells were infected with HIV-1 NM3 in normal 
growth medium and then maintained in normal growth medium (open circles up 
to day 19). Measurable virus production ceased after day 10. On day 20, Vpr (400 
pg/ml) or PMA (50 ng/ml) was added to the cells, which were then cultured in 
normal growth medium. Vpr, closed circles: PMA, open triangles. Control su- 
pematants had no effect on HIV expression (open circles after day 20). 
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(15), or heat (59). These cell lines are derived from both T-cell 
and monocyte lineages, including two parental lines used in the 
above infection studies (OM.10.1 is derived from HL60 and Ul 
is derived from U937). The LL58 line is derived from an 
Epstein-Barr virus-transformed B-lymphocytic line. 

Each cell line was exposed to Vpr protein and then exam- 
ined for virus expression. Intracellular staining for p24 antigen 
revealed that Vpr reactivated virus protein expression in the 
cells (Fig. 8). Similar results were obtained with each of the 
latently infected cell lines. Flow cytometric analysis of p24 
staining demonstrates that in all five latently infected cell lines, 
virus production was reactivated or increased in >90% of the 
cells (Fig. 9). The two T-cell lines (ACH-2 and Jl.l) and one 
myeloid line (Ul) demonstrated constitutive intracellular p24 
expression, though extracellular virus was not detected in the 
culture medium of unstimulated cells. In the LL58 line about 
10% of untreated cells were antigen positive, but virus expres- 
sion was found in >90% of Vpr-treated cells. Virus export was 
induced in all five cell lines by Vpr (Fig. 10) and was inhibitable 
with each of the anti-Vpr antibodies (not shown). PMA acti- 
vated HIV replication in these cell lines to levels similar to that 
induced by Vpr (not shown). 

DISCUSSION 

The results presented here demonstrate that Vpr protein is 
active as an extracellular molecule acting to increase HIV 
replication. Purified Vpr protein functioned at very low con- 
centrations, was active on the two main cell types which are 
targets of HIV infection (T- lymphocytic cells and monocytic 
cells), but was most active in new infection in monocytic cells, 
consistent with published Vpr mutation studies. Extracellular 
Vpr was inhibited by anti-Vpr antibodies. In addition to re- 
storing monocyte replication competence to a Vpr mutant 
virus, extracellular Vpr boosted the replication kinetics of wild- 
type HIV-1. Extracellular Vpr rendered cells more permissive 
to HIV replication, and this highly permissive state lasted sev- 
eral days. In addition to assisting HIV replication in trans- 
formed cell lines, extracellular Vpr was active in primary 
PBMC. Extracellular Vpr reactivated HIV expression in la- 
tently infected cell lines which, when uninduced, express no or 
low levels of HIV RNA and protein. 

There are numerous precedents for viral proteins with ac- 
tivity as extracellular molecules. Several of these viral proteins 
mimic or interact with cellular growth factors, oncogenes, or 
cytokines, each of which influences cell replication or differ- 
entiation (reviewed in reference 10). For example, Epstein- 
Barr virus protein BCRF1 has properties very similar to those 
of IL-10 and is believed to interact with the immune system 
and thus promote virus replication and survival (26). Two 
human retroviral transactivating proteins, HIV-1 Tat and hu- 
man T-cell leukemia virus type I Tax, are active in soluble, 
cell-free form (16, 21, 36, 65). Tat has been shown to enter 
hematopoietic cells and transactivate the HIV long terminal 
repeat (65). In addition, extracellular Tat can promote cellular 
growth, indicating a cellular pathway for activity which may be 
separate from its HIV transactiving function. However, extra- 
cellular Tat and Tax are not generally activators of viral rep- 
lication. 

Our previous findings that Vpr, in the context of the virus or 



when expressed by itself, inhibits the growth of cells and acti- 
vates the committed cellular differentiation program of muscle 
tumor cells led to the proposition that Vpr might assist HIV 
replication via activation of cellular programs which determine 
cellular permissiveness to virus replication (29). The effects of 
Vpr on cellular proliferation may be a secondary effect of the 
regulation of cellular permissiveness, or HIV replication may 
be more efficient in cells whose growth is specifically arrested. 
We favor the former interpretation because cellular prolifera- 
tion generally increases HIV replication. In this report we find 
a long-lasting alteration in cellular permissiveness to HIV rep- 
lication. This highly permissive phenotype was induced in both 
the T-lymphocytic and the monocytic lines. This is a further 
demonstration that Vpr can act in the absence of other HIV 
elements, such as Gag proteins, which may be important for 
additional reported Vpr functions. Vpr may elucidate the ex- 
pression of cellular factors which assist HIV expression, such 
as transcription factors, or suppress the expression of cellular 
factors which would inhibit HIV replication (29). We found 
that extracellular Vpr increased the replication of HIV in rest- 
ing PBMC in the absence of other cell stimulators; thus, since 
Vpr protein did not induce cell proliferation in these cells 
(data not shown) and the vpr gene is cytostatic in several cell 
types (29, 30), Vpr may alter the cellular phenotype to facili- 
tate replication of HIV in nonproliferating cells. 

The similarities between the activities of Vpr protein on 
latently infected cells and some features of latency in another 
pathogenic viral system, that of herpes simplex virus (HSV), 
are striking. HSVs contain within their structures (viral tegu- 
ment) several viralhy encoded proteins which appear to be 
involved in the control of latency (reviewed in reference 18). It 
has been proposed that the tegument protein brought into cells 
during infection influences the decision between lytic and la- 
tent HSV infection. Tegument proteins ICPO and VmwllO are 
capable of reactivating virus expression in latently infected 
cells through transcriptional activation of early HSV genes, 
including themselves, in a probable positive feedback loop (23, 
72). In support of this analogy, HTV-2 Vpx protein is structur- 
ally and evolutionarily similar to Vpr (42, 63, 64), and virion- 
associated Vpx has been shown to increase the efficiency of 
viral replication immediately after infection (27). Thus, HIV 
may have adopted mechanisms for regulating productive ver- 
sus latent infection similar to those of classical latent viruses 
such as HSV. 

Recent studies have shown that Vpr may assist early events 
in HIV infection (71). We have shown here that extracellular 
Vpr increases virus protein production in latently infected 
cells, which involves late postintegration events in HIV repli- 
cation (transcription and translation). The latently infected cell 
lines ACH-2 and Ul have been found to express very low levels 
of only fully spliced message prior to induction with cytokines 
(51). Activation of virus expression requires induction of viral 
transcription and export of unspliced and singly spliced viral 
messages coding for the viral structural proteins. Cohen et al. 
have shown that transfection of Vpr into cells containing re- 
porter constructs can increase transcription from HIV and 
other promoters by about threefold (7). Our previous findings 
that Vpr inhibits cell growth and can activate cellular differ- 
entiation are also indications that Vpr may affect transcrip- 
tional events either directly or indirectly. The Vpr activity 



FIG. 8. Activation of virus expression in latently infected cells. (A) Promonocyte line OM.10.1. (B) T-lymphocytic line ACH-2. Cells were exposed to 400 pg of Vpr 
per ml for 2 days and on day 4 following exposure were stained for intracellular p24*°* protein. The left panels were recorded under white light; the right panels show 
p24* 0 * expression by immunofluorescence. The top two panels of each group of four represent control -treated cells; the bottom two panels of each group show 
Vpr-treated cells. Untreated cells displayed results identical to those of control- treated cells. 
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FIG. 9. Flow cytometric analysis of Vpr-treated latent cell lines. Anti-p24 
immunofluorescence was performed as described in the legend to Fig. 8 on the 
latently infected cell lines Ul, OM.10.1, ACH-2, Jl.l, and LL58. In each histo- 
gram, the lightly stippled curve represents background staining with secondary 
antibody alone. The leftmost black curve in each case represents control -treated 
cells, and the far right black curve represents Vpr-treated cells. Untreated cells 
presented staining identical to that of control-treated cells. 



reported here might explain transcellular activation of the HIV 
long terminal repeat observed after coculture of HIV-infected 
cells with target cells containing reporter constructs (38). The 
experiments reported here do not indicate whether Vpr assists 
early or late HIV replication events in newly infected cells. 
However, since Vpr assists late events in cells which are al- 
ready (latently) infected, we prefer the notion that extracellu- 
lar Vpr activates late events in newly infected cells as well. This 
concept has the advantage of simplicity plus the added attrac- 
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FIG. 10. Rescue of virus expression from latently infected clonal T lympho- 
cytes, B lymphocytes, and monocyte lines. Five latently infected cell lines were 
exposed to 400 pg of Vpr per ml on day zero. p24 content of the culture medium 
was assessed as described in the legend to Fig. 3. Standard deviations were 
computed from duplicate cultures. 



tion of unifying the pathway for Vpr enhancement of HIV 
expression in latently and productively infected cells through a 
regulation of cellular permissiveness to HIV replication. 

The long-lasting increase in cell permissiveness reported 
here indicates that Vpr may create a "pool" of highly permis- 
sive potential targets of infection. Since Vpr is specifically 
incorporated into the viral particle in amounts similar to those 
of the Gag proteins (6), Vpr is exported from infected cells at 
a high level. Virus disintegration or immune lysis of virions 
could release Vpr into bodily fluids where autocrine or para- 
crine regulation of HIV replication would ensue. We have 
recently found biologically active Vpr in the serum and cere- 
bral spinal fluid of HIV-infected individuals in levels that cor- 
relate with the degree of p24 antigenemia observed and dis- 
ease state (30a). The high level of virus replication that occurs 
after initial infection, and also at the last stage of disease, may 
be accelerated by a positive feedback mechanism driven by 
free extracellular Vpr. Extracellular Vpr could also provide a 
means to reactivate virus expression in latently infected cells in 
vivo. The majority of infected peripheral blood lymphocytes do 
not express measurable amounts of viral antigens and must be 
stimulated in vitro with mitogens or other activators in order to 
express virus (2, 3, 17, 32, 53). The percentage of infected cells 
in the lymphoid tissues is much greater than that in the pe- 
ripheral circulation (45, 46), and recently it has been reported 
that large amounts of latently infected cells persist in these 
tissues throughout the course of HIV infection (11, 12, 46). 
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The ability of Vpr to activate both new virus expression and 
virus export in all latently infected cell lines tested suggests that 
Vpr could activate virus expression in areas, such as lymphoid 
tissues, in which high local concentrations of viral antigens are 
found. Since Vpr also regulates the proliferation and develop- 
ment of diverse cell types, extracellular Vpr might contribute 
to tissue-specific pathologies associated with HIV infection, 
including wasting, neurological disease, and T-cell depletion. 
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Present Status and Future 
Prospects for HIV Therapies 

Margaret I. Johnston* and Daniel F. Hoth 

Since the discovery of human immunodeficiency virus (HIV) in 1983, significant progress 
has been made toward the discovery, development, and licensing of anti-HIV drugs. In vitro 
screens against whole virus are now being complemented by screens against specific viral 
targets, resulting in the development of clinical candidates acting at several critical stages 
of the viral life cycle. Despite these advances, clinical therapy remains largely palliative. 
In addition, it has recently been recognized that HIV resistance to most drugs may pose 
even greater obstacles. Moreover, emerging data on immunopathogenesis raise the pos- 
sibility that even if virus was eliminated from an infected individual, the patient's immune 
system might not be capable of restoration to normal function. In the face of such obstacles, 
deeper insights into the pathogenic mechanisms of disease, aggressive exploitation of 
those mechanisms for therapeutic gain, and continued commitment of both public and 
private sectors to support and collaborate in this research are needed. 



Introduction 

In 1983, when HIV was discovered, the 
only antiviral agents licensed in the United 
States were amantadine, vidarabine, and 
acyclovir (]). Research was initially slow 
because only a limited number of facilities 
were willing to handle HIV, a new, lethal 
infectious agent. Fortunately, a significant 
body of information on the genomic struc- 
ture and replication cycle of retroviruses 
had accumulated over the previous two 
decades (2) (Fig. 1). 

Nucleoside analogs were a logical first 
place to search for anti-HIV agents because 
reverse transcriptase (RT) catalyzes a reac- 
tion not known to occur in humans and 
because several companies had libraries of 
nucleoside analogs synthesized in the search 
for anticancer or antiviral agents. In 1984, 
3'-azidothymidine (AZT) was identified as 
active, first against murine retroviruses and 
then against HIV in cell culture (3). Clin- 
ical testing began in 1985. The phase II 
trial that conclusively showed a survival 
advantage for individuals with advanced 
disease taking AZT versus placebo was 
completed in September 1986, only 3 years 
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after identification of HIV. The speed at 
which AZT was discovered, moved through 
clinical trials, and approved was unprece- 
dented. Recognition that AZT did not 
completely suppress disease and had associ- 
ated toxicities served as a stimulus for ex- 
panded research to identify additional 
agents. 

The first inhibitors of HIV replication 
were discovered as a result of cell culture- 
based screening efforts, and such efforts 
continue to be valuable in identifying new 
agents that act at any step in the viral 
replication cycle. Recombinant DNA tech- 
nology made possible the eventual cloning 
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Fig. 1. Life cycle of HIV, showing the steps at 
which several anti-HIV agents act. Abbrevia- 
tions are explained in the text. 
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of several key HIV proteins, which in turn 
stimulated development of mechanism- 
based screens that could accommodate large 
numbers of agents rapidly, inexpensively, 
and safely. Only recently have products 
identified by mechanism-based screens and 
confirmed in cell culture assays advanced to 
clinical trial. Structure-based primary 
screening activities have also been de- 
scribed, and although novel inhibitors have 
been identified, none has yet demonstrated 
sufficient activity against HIV in cell cul- 
ture assays at nontoxic concentrations to 
warrant further development. 

Typically, a clinical candidate is select- 
ed because of demonstrated potency in vitro 
at concentrations (usually micromolar or 
lower) that are anticipated to be main- 
tained in the bloodstream or intracellularly 
for several hours and which are significantly 
lower than concentrations toxic to cells or 
animals. Several agents have shown potent 
activity in cell culture assays but have not 
been considered for further development 
because pharmacologically active blood lev- 
els could not be maintained or tolerated 
(4-6). Because both CD4+ T cells and 
monocytes-macrophages are infected in the 
body, agents that show activity in both cell 
types are favored. In addition, because cells 
in the central nervous system (CNS) can be 
infected with HIV, the ability to penetrate 
the blood-brain barrier is considered. Final- 
ly, because almost all are virustatic and 
must be taken over a prolonged period, 
orally administered agents are preferable. 

This article will focus on therapies for 
HIV infection and immune restoration. 
Although opportunistic infections (OIs) 
arising late in the course of disease second- 
ary to severe immunosuppression are the 
principal cause of morbidity, discussion of 
this diverse group of diseases is beyond the 
scope of this article. Furthermore, unless 
interventions that result in fundamental 
improvements in immune function or re- 
duction in viral replication are developed, 
effective treatment of one 01 will only 
permit emergence of yet another. 

Current State-oMhe-Art Treatment 

Although it is difficult to prove, treatment of 
HIV has likely resulted in prolonging the life 
of HIV-infected individuals and improving 
their quality of life. There are currently 
three antiretrovirals approved for use in HIV 
disease: 3'-azidothymidine (AZT, zidovu- 
dine, Retrovir), 2 / ,3'-dideoxyinosine (ddl, 
didanosine, Videx), and 2',3'-dideoxycyti- 
dinc (DDC, zalcitabine, HIVID) . Numerous 
others are in clinical trial. 

Approval of AZT was based on a pla- 
cebo-controlled trial in individuals with 
advanced acquired immunodeficiency syn- 
drome (AIDS) (<200 CD4 + cells per cubic 



millimeter); the trial demonstrated a signif- 
icant difference in mortality in the drug and 
placebo groups (7). Subsequently, AZT 
administered earlier in disease (<500 
CD4 + cells per cubic millimeter) was 
shown to delay the onset of AIDS-associat- 
ed OIs (8) . Furthermore, a recent prelimi- 
nary report of a European trial of AZT 
versus placebo in asymptomatic HIV-in- 
fected persons suggests that the duration of 
AZT benefit may be limited, because there 
was no difference in survival at 3 years (9) . 
Additional trials of AZT in asymptomatic 
HIV-infected persons are in progress. 

Although ddl, another potent inhibitor 
of RT, produced a moderate rise in CD4 
cell number, it was not shown to be supe- 
rior to AZT as initial therapy (10, 1/). 
Dideoxyinosine is approved for use in indi- 
viduals who have been on AZT for 4 
months or longer or who are hematologi- 
cally intolerant to AZT. The combination 
of AZT and ddl has shown promising results 
in phase I evaluation (12). DDC, on a 
molar basis, is the most potent of the three 
approved drugs in cell culture assays (J 3, 
J 4) and has been approved for use with 
AZT in adults with <300 CD4 + cells per 
cubic millimeter who have experienced sig- 
nificant clinical or immunologic deteriora- 
tion (15). Additional efficacy trials of AZT, 
ddl, and DDC are in progress. 

An tirctro viral therapy is routinely used 
in the United States to treat individuals 
with moderate to advanced disease (for 
example, <500 CD4 + cells per cubic mil- 
limeter). Experimental monotherapies arc 
typically evaluated for their ability to delay 
progression to disease; determining the 
clinical impact of new therapies on survival 
has been problematic. Although the first 
randomized trial with AZT was placebo- 
controlled and demonstrated a survival ad- 
vantage, subsequent trials have used active 
controls, and survival gains over AZT have 
not been shown. However, it is possible 
that the therapies evaluated to date have an 
equivalent effect on survival, so that such 
trial designs may not be capable of detect- 
ing mortality impact. Even drug-induced 
delay of disease progression is a problematic 
end point because trials among patients 
with early disease may require years before 
sufficient clinical end points accumulate. 
This has led to the search for laboratory 
tests, such as measurement of CD4 + cells, 
or quantitative measurement by polymerase 
chain reaction (PCR) of circulating virus 
that could be used as surrogates and that 
could yield evidence of a drug effect more 
quickly and with greater sensitivity. Devel- 
opment of reliable assays and validation of 
these markers remain a challenge (16). 

Since late 1989 there has been a reduc- 
tion in the quarterly incidence of AIDS, 
that is, in the transition from the asymptom- 



atic to the symptomatic state, as compared 
with the predicted AIDS rates (17). This 
result cannot be fully explained by a reduced 
rate of infection. The change in rate of 
progression to disease is probably associated 
with the widespread introduction of AZT 
into the population (as well as with prophy- 
laxis for Pneumocystis carirdi pneumonia) and 
is confined to those populations with more 
ready access to adequate health care. 

Why are licensed RT inhibitors not entirely 
successful? The failure of existing therapies 
to completely block clinical progression 
remains one of most important questions 
facing therapeutic researchers. AZT and 
ddl, at clinically used doses, reduce circu- 
lating viral burden by only about one-half 
to one-tenth of initial values (18, 19). 
Although an RT inhibitor would not be 
anticipated to decrease the production of 
virus from cells already infected with HIV, 
effective concentrations should protect new 
cells from becoming infected. However, 
individuals do progress to disease while on 
antiretrovirals. Further, changes in the ge- 
nomic sequences of HIV circulating in pa- 
tients suggest that active infection of new 
cells and the error- prone process of reverse 
transcription occurs. 

One possible explanation for the failure 
of existing therapies to halt progression is a 
failure to maintain adequate drug levels at 
the site of viral replication over extended 
periods. Current anti-HIV therapies, once 
begun, require frequent administration of 
drug owing to the relatively short half-lives 
of these drugs and arc usually continued 
throughout life. Hence, drug compliance 
remains a major issue, and drug failure may 
be due to the inability to maintain drug 
concentrations at adequate levels. In par- 
ticular, drug concentration in infected tis- 
sues and especially in intracellular compart- 
ments remains poorly studied. For example, 
for certain nucleosides [ddl, DDC, and the 
(— ) enantiomer of 2'-deoxy-3'-thiacytidine 
(3TC, Lamivadine) (20)} the ratio of active 
nucleoside triphosphate to natural substrate 
is higher in resting than activated cells, 
whereas for others [AZT and didehydrothy- 
midine (d4T, Stavudinc)] the opposite is 
found (21). The impact of cell activation 
on the intracellular levels of other anti-HIV 
agents remains unknown. 

Another possible explanation for drug 
failure is the emergence of drug resistance. 
Resistant virus can be isolated in cell cul- 
ture and from individuals after about 6 
months to 1 year of AZT treatment; resis- 
tance appears to become more frequent in 
later stage patients (22). Resistance may 
arise more quickly in patients with more 
advanced disease because they have a high- 
er and more genetically diverse viral burden 
and are thus more likely to have preexisting 
resistant species that become selected in the 
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presence of drug. However, it has not been 
proven that the emergence of drug-resistant 
phenotypes, as measured in cell culture 
assays, is associated with clinical deteriora- 
tion, although correlations have been sug- 
gested (23, 24). 

Resistance has been described for each 
of the widely used antiretro viral nucleo- 
sides. The molecular basis for resistance to 
AZT inhibition is associated with muta- 
tions at at least four key loci of the HIV 
RT, with multiple mutations resulting in 
the highest degree of resistance (25). In 
addition, certain loci are more critical than 
others in maintaining drug susceptibility 
(26). Mutations associated with resistance 
to ddl and DDC have also been found in 
clinical isolates (27). There are now trou- 
blesome reports of possible transmission of 
AZT-resistant phenotypes (23, 28). Deter- 
mining the extent and significance of such 
transmission is a public health priority. 

Mutations associated with resistance, al- 
though seemingly counter to successful 
therapy, could have a beneficial outcome. 
Certain combinations of mutations linked 
with drug-resistant phenotypes might yield 
nonfunctional RT and noninfectious HIV 
(29). Four mutations associated with resis- 
tance to three different drugs (AZT, ddl, 
and a nonnuclcoside RT inhibitor) were 
engineered into HIV and shown to result in 
replication-incompetent virus. Exposure of 
chronically infected cells to the above drug 
combination, and passage of the infected 
cells for several weeks, first in the presence 
of the drug combination and then in its 
absence, resulted in a sterile culture. How- 
ever, it has not yet been demonstrated that 
exposure of HIV to drug combinations in 
cell culture resulted in selection of genotyp- 
ic mutations associated with multidrug- re- 
sistant, replication-incompetent pheno- 
type. In addition, other combinations of 
AZT, ddl, and nonnucleoside RT inhibitor 
(NNRTI)-induced mutations were consis- 
tent with HIV replication (30). Further- 
more, this was not the first report of a 
drug-induced sterile culture, which could 
be the result of complete inhibition of HIV 
replication coupled with death or diluting 
out of infected cells (3 J, 32). Regardless, 
the combination of AZT, ddl, and nonnu- 
cleoside inhibitor was highly potent. A 
definitive clinical trial of this combination 
is in progress. 

Other approaches attempting to over- 
come or prevent selection for drug resis- 
tance include, first, the use of drug-resistant 
HIV, particularly resistant clinical isolates, 
in screens for new drugs. Second, early 
treatment before significant numbers of mu- 
tants are. generated may be worthwhile if 
resistance is the result of selection of pre- 
existing mutants and given current data 
suggesting that initial , infection is usually 



established by a single genotype. Two stud- 
ies are under way to evaluate AZT treat- 
ment initiated within weeks of infection. 
Third, the benefit of switching patients 
onto a different antiretroviral therapy when 
evidence of a resistant genotype first ap- 
pears is currently being evaluated. 

Therapies in Development 

Other RT inhibitors. The successful results 
obtained with AZT stimulated researchers 
to find additional RT inhibitors, many of 
which are now undergoing clinical evalua- 
tion. Use of d4T has resulted in increased 
CD4 + cell counts and a decline in p24 
antigenemia in previous trials and is cur- 
rently being evaluated versus AZT use in 
phase II and phase III clinical trials in 
HIV-infected individuals with at least 6 
months of prior AZT therapy (33) . Toxic- 
ities associated with higher doses of d4T 
have included peripheral neuropathy and 
hepatitis. Another nucleoside, 3TC, is cur- 
rently in phase I and phase II clinical trial; 
preliminary reports cite a transient increase 
in CD4 + cell counts and decline in scrum 
p24 levels, although no clear dose-response 
relation has been observed (34) . No signif- 
icant toxicity has been noted at the doses 
evaluated. On the basis of cell culture data, 
3'-fluoro-thymidine (FLT) is among the 
most potent of the 3 '-halo-dideoxypyridine 
analogs reported to date (35, 36). Prelimi- 
nary clinical results suggested some activity 
in vivo (37). Further development of FLT 
has recently been discontinued, suggesting 
that significant antiviral activity was not 
observed at plasma concentrations that 
were well tolerated in a recent controlled 
phase II study. 9-(2-Phosphonomethoxy- 
ethyl) -adenine (PMEA), an acyclic nucle- 
otide, recently entered phase I clinical trial 
(38). PMEA was more effective than AZT 
in blocking simian immunodeficiency virus 
(SIV) infection of macaques under optimal 
conditions of drug administration before 
infection (39). Clinical development of 
PMEA should be undertaken with caution 
in view of the narrow therapeutic range 
observed in cultured cells and in studies 
with mice demonstrating significant side 
effects, including fetal resorption and death 
of pregnant female mice (40) . Other nucle- 
osides are at earlier stages of development. 

The development of a nonnucleoside 
inhibitor of HIV RT and replication was 
first reported in 1990; subsequently, other 
classes of RT inhibitors were reported, in- 
cluding tetrahydro-imidazo[4,5 t l-jk][l,4]- 
benzodiazepin-2(lH)-one (TIBO, R82913) 
(41 , 42) , 1 l-cyclopropyl-7-methyl-dipyrido- 
[2,3-b:3'3'-fll,4-diazepin-6H-5-one (BI-RG- 
587, nevirapine) (43), pyridones (L-697,661 
and L-696,229) (44), and bis(heteroaryl)pi- 
perazines (BHAPs, U-87201E, Atevirdine 



Mesylate, ATV) (45). Two additional agents 
in this class, R-89439 [an a-anilino-phenylac- 
etamide (a-APA) derivative (46)] and a sec- 
ond generation BHAP U-90,152 (47), re- 
cently entered clinical trial. 

Although structurally distinct, NNRTIs 
have several features in common. All are 
extremely potent in cell culture assays and 
inhibit HIV replication at nanomolar con- 
centrations (41-49). Unlike AZT, ddl, or 
DDC, the NNRTIs do not require conver- 
sion to active drug once within the cell. 
These agents typically have therapeutic in- 
dices defined in cultured cells in excess of 
1000. They are highly specific noncompeti- 
tive inhibitors of HIV and do not inhibit 
other retroviruses, including the closely re- 
lated SIV and HIV-2. Most appear to bind 
to a site on RT near Tyr 181 and distinct from 
the substrate binding site (48-51). De- 
creased sensitivity of HIV to these agents 
develops rapidly, both in cultured cells and * 
in vivo (31, 47, 50-53). HIV resistance to 
one NNRTI is usually cross-resistant to the 
other classes of NNRTIs, with the possible 
exception of the BHAPs class of RT inhib- 
itors (31, 47, 50, 51). 

In phase I trials, NNRTIs produce a rapid 
but transient decline in serum p24 levels 
(54). Virus with drug-resistant phenotype 
can be isolated within weeks after the onset 
of treatment. The favorable oral bioavail- 
ability of the NNRTIs and the lack of 
significant toxicities of these agents have 
stimulated a search for more potent NNRTIs 
that might overcome resistance. To date, 
NNRTIs appear to be additive or synergistic 
with nucleosides (55), and several combina- 
tions are currently being, or will soon be, 
evaluated in clinical trials in the hope that 
highly resistant isolates will not emerge. In 
addition to agents that block HIV replica- 
tion at the RT stage, therapeutics that act at 
other stages are being sought. These will be 
discussed in an order that reflects the relative 
priorities currently being accorded to their 
development. 

Protease inhibitors. HIV protease cleaves 
polyprotein precursors into mature structur- 
al proteins and enzymes during particle 
assembly and maturation (56). Although 
genetically engineered virus containing mu- 
tated protease that lacks enzymatic activity 
replicates, the virions that arc produced arc 
noninfectious in cultured cells (57). Prote- 
ase inhibitors are an attractive target for 
therapeutic intervention because they act 
at a postintegration step of HIV replication. 
Recent cell culture data suggesting that 
cell-associated virus is more infectious than 
free virus magnify the need to evaluate 
agents that block the spread of HIV from 
infected cells (58). Whereas RT inhibitors 
are only effective in blocking HIV replica- 
tion when added to cultured cells before 
HIV infection, protease inhibitors can also 
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inhibit HIV production from chronically 
infected cells (59, 60). Additional factors 
combine to make the HIV protease an 
attractive target for therapeutic interven- 
tion, including its unique cleavage specific- 
ity relative to human aspartic proteases, 
availability of cloned and chemically syn- 
thesized protease, detailed structure infor- 
mation, and the availability of rapid prote- 
ase assays (61). 

Peptide-based substrate analogs were the 
first inhibitors of protease reported to be 
active in vitro (59, 60, 62) and were the 
first to enter clinical trial. Development of 
peptide-based inhibitors has presented sev- 
eral challenges. In general, attempts to 
synthesize many of these inhibitors have 
required multistep, low-yield efforts. Modi- 
fications were needed to protect the peptide 
from degradation, while maintaining bio- 
availability, solubility, and activity. The 
first protease inhibitor to enter clinical tri- 
al, Ro 31-8959 [reported by Roberts (59, 
60)1, was an orally administered hydroxy- 
ethylamine mimetic of the transition state 
and had fairly low solubility and low bio- 
availability (62). Finally, development of 
protease-resistant HIV in cell culture has 
been reported, although the level of resis- 
tance has been low (10- to 30-fold) and 
cross- resistance is usually not complete 
(63). Thus, resistance to protease drugs 
may not prove to be as problematic as 
NNRTI resistance, which can be 1000-fold 
(31, 47, 50-53). 

Recent studies by Kempf (59, 60) on the 
C-2 symmetric protease inhibitor A- 7 7003 
(originally designed to fit the C-2 symmetric 
protease active site (64)] led to identifica- 
tion of a second generation inhibitor, 
A-80987, with improved oral bioavailabil- 
ity and serum half-life in animals (65). 
A-80987 is currently in phase I trials in 
Europe. Other protease inhibitors, includ- 
ing several that will probably be orally 
btoavailable, are at earlier stages of devel- 
opment and will probably soon enter clini- 
cal trial. Protease inhibitors tested are ad- 
ditive or synergistic with AZT, ddl, or 
DDC, which suggests that combinations of 
therapies directed to different drug targets 
will prove to be useful (66) . 

Tat inhibitors. Tat, a regulatory protein 
required for HIV replication in cultured 
cells, is a positive transactivator that stimu- 
lates transcription (67) and that may have 
other activities (68). An anti-Tat agent 
capable of blocking HIV replication in both 
acutely and chronically HIV-infected cells, 
7-chloro-5-(2-pyrryl)-3H- 1 ,4-benzodiazepin- 
2(H) -one (Ro 5-3335), was first reported in 
1991 (69). A less toxic clinical candidate, 
Ro 24-7429, entered clinical trial in 1992. A 
multisite trial is under way to study safety 
and to determine the impact on viral load 
and CD4 + cell count. Although Tat- 



resistant HIV has not been observed even 
after 2 years of virus passage in cell culture 
under conditions similar to those used to 
generate resistance to other anti-HIV thera- 
pies (70), examination of clinical isolates 
will be needed. The clinical usefulness of 
anti-Tat agents in combination with anti- 
RT agents should be investigated. 

Blocking of viral entry. HIV entry begins 
with highly specific binding of the HIV 
gp 1 20 envelope protein with a CD4 mole- 
cule on the surface of most susceptible cells. 
In addition, binding of gpl20 on the surface 
of an infected cell with CD4 on the surface 
of an uninfected cell is involved in syncytia 
formation and cell-to-cell spread of HIV. A 
recombinant soluble form of the CD4 re- 
ceptor (sCD4) or the chimeric CD4-immu- 
noglobulin G (IgG), designed to extend the 
serum half-life of sCD4, effectively blocked 
HIV infection and syncytia formation in 
cultured cells at levels that were attainable 
clinically (4, 71). However, in initial clin- 
ical studies viral markers were not affected 
(5) . Primary isolate virions were shown to 
have a significantly decreased ability to 
bind sCD4 and were less sensitive to neu- 
tralization by sCD4 in vitro as compared 
with cell-cultured adapted isolates (72). 
Higher doses of sCD4 may be tolerated 
without toxicity, but it may not be practical 
to pursue such studies. 

Another agent designed to exploit the 
interaction of CD4 and gpl20 is CD4- 
PE40, a fusion protein between CD4 and 
two domains of the Pseudomonas aeruginosa 
exotoxin A (32 , 73). CD4-PE40 binds to 
infected cells through interaction with 
gpl20 expressed on the cell surface. One 
toxin domain facilitates entry of the lethal 
second domain into the cell, resulting in 
death of infected cells in culture. Phase I 
trials demonstrated dose-limiting hepato- 
toxicity. Because CD4-PE40 and AZT syn- 
crgize in vitro, clinical studies arc in prog- 
ress to determine whether any combination 
of dose and schedule has a beneficial effect 
without unacceptable toxicity. This strate- 
gy represents one of the few virucidal ap- 
proaches to the treatment of HIV. Howev- 
er, toxicity may eventually prove to limit 
the clinical usefulness of this approach. 

Other HIV targets. HIV RT has three 
distinct enzymatic functions: (i) the poly- 
merase domain, which catalyzes the transfer 
of nucleotides onto the growing DNA 
chain, is the primary target for existing 
nucleoside and nonnucleoside inhibitors of 
HIV RT; (ii) a ribonuclease (RNase) H 
domain cleaves genomic RNA after first 
strand synthesis to allow synthesis of the 
second strand DNA; and (iii) a double- 
stranded RNA-dependent RNase cleaves in 
the primer-template pair at specific sites 
(74). RNase H is required for HIV replica- 
tion (75). Only a few agents have been 



reported to target RNase H (76, 77). 3'- 
Azidothymidine monophosphate, which 
accumulates to millimolar levels in cells 
treated with AZT, inhibits RNase at milli- 
molar levels; RNase inhibitors may be a 
secondary mechanism by which AZT inhib- 
its RT activity (76, 78). 

Two other HIV-encoded proteins are 
being examined as possible targets for ther- 
apeutic intervention. Integrase, an enzyme 
characteristic of retroviral infection, is es- 
sential to replication (79, 80). A rapid 
microtiter assay .for the joining activity 
catalyzed by HIV integrase has been de- 
scribed (81), although no inhibitors of in- 
tegrase have been reported to date. Rev 
permits the export of unspliced HIV 
mRNAs from the nucleus and is also re- 
quired for HIV replication (82). Recently, 
a high-throughput screen based on Rev- 
dependent expression of gp 1 60 in Drosoph- 
ila cells has been established (83). 

A cellular myristoylCoA:N-myristoyl- 
transferase (NMT) catalyzes transfer of 
myristate from myristoylCoA to the HIV- 
encoded proteins Nef and Gag in a process 
required for HIV replication. Heteroatom- 
containing analogs of myristic acid, such as 
4-oxatetradecanoic acid, serve as substrates 
for NMT (84, 85) . Addition of these ana- 
logs to HIV Gag results in alteration of 
protein hydrophobicity and localization of 
Gag in the cytosol rather than the plasma 
membrane. Inhibition of HIV replication 
in cultured cells can be achieved with these 
analogs at concentrations that are not de- 
tectably toxic to uninfected cells (85, 86). 
It remains to be seen whether addition of 
myristic acid analog will be sufficiently re- 
stricted to viral rather than cellular proteins 
to provide an acceptable therapeutic win- 
dow. Finally, a number of natural products 
whose mechanism of action may or may not 
be known are at various stages of develop- 
ment (87). 

Nucleic acid-based therapies. Nucleic ac- 
id-based therapeutics, many of which tar- 
get virally encoded nucleic acids, offer 
unique opportunities for intervention, but 
remain wholly unproven. Nucleic acid- 
based therapies being evaluated in cell cul- 
ture include antisense oligonucleotides (88, 
89), catalytic RNAs or ribozymes (90, 9J), 
RNA analogs or decoys (92), and genes 
that encode proteins, such as CD4 or trans- 
dominant peptides, that have direct antivi- 
ral activity (93). 

Antisense oligonucleotides directed 
against sites proximal to and including the 
translation initiation codon, splice sites, 
and single-strand loops were reported to be 
successful in blocking HIV replication in 
cultured cells at micromolar levels (94, 95) . 
The use of catalytic RNAs or ribozymes 
that recognize and cleave specific viral se- 
quences in trans has been proposed as an 
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approach to decrease the amount of oligo- 
nucleotide needed to target a specific intra- 
cellular RNA (9J). Cultured cells stably 
transfected to express a ribozyme gene tar- 
geted against the HIV gag mRNA were 
shown to be partially resistant to HIV 
infection; cleavage of gag mRNA in the 
predicted location was demonstrated (96). 
In theory, catalytic RNAs can inactivate 
many target RNA molecules within the 
same cell, although turnover of catalytic 
RNA in intact cells has not yet been 
demonstrated. Oligonucleotides, such as 
TAR decoys, polyTAR, and RRE decoys, 
that inhibit the function of viral proteins 
arc also under investigation (92) . 

Exogenous delivery of oligonucleotides 
has been plagued by problems of nonspecific 
inhibition and toxicity, inefficient cellular 
uptake, and instability in plasma. Stability 
issues have been addressed to some extent 
through chemical modifications of the oli- 
gonucleotide or, in the case of ribozymcs, 
through DNA-RN A chimeras. Liposome or 
lipofectin encapsulation or lipophilic mod- 
ification increases the efficiency of uptake of 
nucleic acids into cultured cells (97). A 
critical step in exogenous delivery of nu- 
cleic acid therapies will be to assure that the 
delivered material escapes the lysosomal 
degradation pathway after internalization 
into the cell. Despite the difficulty of ob- 
taining sufficient quantities of nucleic acid 
to administer systematically, clinical trials 
are likely to occur within the next year as 
several antisense and ribozyme approaches 
are developed further. 

Recent advances in the application of 
gene therapy to several diseases have stim- 
ulated interest in the therapeutic potential 
of nucleic acids expressed endogenously by 
cells. Although several approaches have 
succeeded in producing anti-HIV activity 
in cultured cells, the difficulty in obtaining 
sufficient expression of the desired gene in a 
sufficient number of cells in vivo has re- 
mained an obstacle. Currently, transfection 
with retroviral vectors results in expression 
of the desired gene in only a small percent- 
age of cells. Other methods of delivery have 
been proposed, including a retroviral vector 
that makes use of the highly efficient HIV 
long terminal repeat (LTR) to control gene 
expression (98). Although HIV vectors 
have the advantage of infecting the same 
target cell as HIV, there may be serious 
drawbacks associated with their use. Ap- 
proaches are needed to ensure that these 
vectors are devoid of pathogenic capability 
and to eliminate the risk of recombination 
or mutation. Adeno-associated virus vec- 
tors that can infect diverse cell types with 
higher efficiency have also been described 
but arc not yet available for clinic use (99). 
Another approach is the use of adenovirus 
capsids that bind the gene to be delivered 



through an antibody -poly lysine complex at- 
tached to the capsid (100). Capsids may be 
readily formulated with the nucleic acid to 
be delivered and may deliver large amounts 
of nucleic acid into the cell, although gene 
expression is transient and the efficiency of 
T cell transduction is low. 

Immune recansiitution. Approaches to 
block HIV replication are complemented 
by approaches to manipulate the immune 
system. The use of candidate HIV vaccines 
to increase existing immune responses or 
stimulate new ones in HIV-infected indi- 
viduals is reviewed elsewhere (101). An- 
other immunization-based approach is the 
ex vivo retrovirally mediated introduction 
of the env gene into autologous fibroblasts 
(102), which would then be given back to 
the patient to stimulate anti-env immune 
responses. Studies of cytotoxic T lympho- 
cytes (CTLs) generated by immunization of 
mice with syngeneic cells expressing HIV 
(IIIB) envelope demonstrated that these 
CTLs recognize common determinants on 
diverse HIV strains, including several clin- 
ical isolates (103). Direct administration of 
the erw-expressing vector may provide a 
more feasible long-term approach and 
should be accorded a high priority once 
safety concerns have been addressed. Deliv- 
ery of naked DNA in the form of circular 
plasmid DNA engineered to express HIV 
proteins is also being pursued, with prom- 
ising results (104). This approach offers 
several advantages, including low cost and 
the ease of preparation of DNA, and could 
revolutionize immunization strategies. 
However, the clinical benefit of any of 
these approaches in HIV disease remains 
uncertain. 

Certain cytokines, such as tumor necro- 
sis factor (TNF) and intcrleukin-6 (IL-6), 
may have a direct up- regulatory effect on 
HIV synthesis and should be considered as 
potential targets for intervention (105). 
Reported inhibitors of TNF action, pentox- 
ifylline (Trental) and BRL 61063, are cur- 
rently being evaluated (106) . Certain thiol- 
bascd agents, such as N-acetylcysteine 
(NAC) and 2-oxothiazolidine-4-carboxyl- 
ate (OTC, Procysteine), have been report- 
ed to prevent activation of HIV in latently 
infected cells, presumably as a result of the 
ability to raise the intracellular levels of glu- 
tathione, which is required for a variety of 
immune functions (107). More recently, a 
new class of anti-HIV agents, l,2-dithiole-3- 
thiones, exemplified by oltipraz [4-methyl-5- 
(2-pyrazinyl) - 1 , 2-dithioIe-3-thioneJ , not only 
elevated levels of glutathione but also ap- 
peared to irreversibly inhibit HIV RT (108). 

Interferon-a (IFN-a) blocks HIV repli- 
cation in vitro probably by interfering with 
the assembly or release (or both) of mature 
virions (109). Clinical trials addressing the 
in vivo effects of IFN-a t both alone and in 



combination with other agents, in patients 
at all stages of HIV-1 infection have sug- 
gested that patients at earlier stages may 
benefit from treatment with this agent 
(110). Controlled clinical trials of IFN-a 
alone and in combination with antiretrovi- 
rals are under way. 

CD8 + major histocompatibility complex 
(MHC) class I-restricted CTLs kill HIV- 
infected cells in culture and may also block 
HIV replication by release of a soluble 
factor (111). Expansion and reinfusion of 
HIV-spccific autologous CD8 + T cells from 
HIV-infected individuals (112) is undergo- 
ing initial clinical evaluation. Given the 
difficulty and expense in expanding cells ex 
vivo, this approach is unlikely to have 
widespread use in the near future. This 
early trial, however, may provide valuable 
information on the role of CD8 + cells in 
controlling viral replication and may stim- 
ulate research on alternative sources of 
CD8 + cells, including allogeneic or xeno- 
geneic cells or universally accepted CTLs. 

Several approaches to broadly reconsti- 
tute immune competence are being evalu- 
ated. IL-2 induced a transient but signifi- 
cant increase in the number of CD4 + cells 
(113), and low-dose polyethylene glycol- 
modified IL-2 (PEG-IL-2) increased killer 
cell activity and enhanced proliferative re- 
sponses in infected individuals (114). Ad- 
ditional trials of PEG-IL-2 in combination 
with AZT or ddl are under way. Thymic 
humoral factor (THF) and thymopentin 
(TP5) are two hormone-based therapies 
that have entered clinical trial (115). THF 
is reported to augment cell-mediated immu- 
nity, whereas thymopentin is reported to 
enhance T cell function by increasing lym- 
phokine production. 

If procedures for purging HIV from in- 
fected cells could be developed, it may be 
worthwhile to pursue ex vivo expansion 
and reinfusion of CD4 + cells. Finally, a 
long-range goal to achieve complete im- 
mune function would be the administration 
of multipotent progenitor cells genetically 
engineered to resist HIV infection. Signif- 
icant advances in gene transduction and 
expression in human progenitor cells, and 
information on the ability of engineered 
progenitors to differentiate in HIV-infected 
individuals, will be needed prior to attain- 
ing such a lofty goal. In the interim, eval- 
uation of syngeneic bone marrow transplan- 
tation and adoptive transfer of peripheral 
blood lymphocytes in combination with 
antiretroviral regimens continues (116). 

The Future of HIV Therapeutics 

Three inhibitors of RT have been licensed, 
and other inhibitors of RT, Tat, and pro- 
tease are currently in clinical trial. In addi- 
tion, several combinations of anti-RT 
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Fig. 2. Progression of HIV infection from acute 
infection to morbidity and mortality. The right 
side depicts information obtained by monitor- 
ing of the blood from infected individuals. The 
left side summarizes information on the role of 
lymphoid organs in disease progression. FDC. 
follicular dendritic cells. [Adapted from {123)) 



agents are undergoing clinical evaluation, 
both in simultaneous and alternating regi- 
mens. The use of combinations of agents 
that act at pre- and post-integration events 
is an attractive theoretical approach. How- 
ever, there is currently no clinical informa- 
tion proving that mechanistically diverse 
combinations are more efficacious than sin- 
gle agents or combinations of agents that 
act at the same step in the viral life cycle. 
The orderly evaluation of drug combina- 
tions offers significant preclinical and clin- 
ical challenges. Indeed, it is expected that 
the use of combinations either to overcome 
or avoid resistance, to provide a synergistic 
antiviral effect, or to manage drug-related 
toxicities will improve the management of 
HIV disease in the next few years. 

It is likely that the speed of discovery of 
new drugs will be accelerated by newer 
technologies, such as screens based on com- 
binatorial libraries of peptides and oligonu- 
cleotides, permitting the rapid screening of 
millions of compounds and equally rapid 
optimization of candidate drugs (88, 117). 

Although most current antiretroviral ap- 
proaches are based on an understanding of 
the life cycle of HIV in cell culture, much 
less is understood about the interactions of 
HIV with the host and the mechanisms by 



which HIV causes disease. As new informa- 
tion from in vivo studies emerges, new 
therapeutic concepts will likely follow. For 
example, wild- type SIV containing nef and 
SIV with a nef deletion were indistinguish- 
able in their growth kinetics in cultured 
cells (118). Yet, animals infected with SIV 
deleted in nef became infected but did not 
develop disease, whereas the wild-type virus 
caused disease and death (1 18). 

Information on the earliest stages of 
disease may also yield valuable clues to new 
therapeutic strategies. During acute infec- 
tion, HIV replication may be amplified 
because a very high percentage of cells are 
activated, probably by various cytokines 
that act by autocrine or paracrine routes 
(Fig. 2) (105, 1 18a). Methods to down- 
regulate this process may prove particularly 
beneficial. Further, deciphering the speci- 
ficity of cells or antibodies that clear the 
early burst of infectious virus from the 
circulation will facilitate the design of ther- 
apeutic immunization strategies. Finally, 
emerging data suggest that viral burden in 
early infection is relatively low, and the 
number of genomic variants appears to be 
small. Aggressive therapy with antiretrovi- 
rals, with or without immune-targeted ther- 
apies, might impact long-term outcome. In 
addition, one of the highest priorities of 
current research is determining the stage at 
which antiretroviral therapy should begin, 
particularly in view of data indicating that 
viral replication occurs at all stages of dis- 
ease (18, 119). 

Recent reports have suggested that the 
transition from apparent clinical latency to 
a stage of more rapid decline is associated 
with a change in the phenotype of the 
predominant virus in the body, specifically 
from nonsyncytium-inducing (NSI) to syn- 
cytium-inducing (SI) virus (120). Whether 
SI phenotype is more pathogenic or wheth- 
er it is simply a marker for increased viral 
replication is not known. Reports have 
suggested that AZT is only minimally effec- 
tive against the SI phenotype (121). Un- 
derstanding the process and consequences 
of the change in phenotype will be very 
important. In the interim, screening new 
potential therapies against both NSI and SI 
types of virus is recommended. 

Finally, the processes underlying im- 
mune damage, including loss of CD4 + cells 
and induction of anergy, need to be ex- 
plored further. Direct killing of cells by 
HIV may not be the only mechanism of 
immune damage (122), as recently re- 
viewed (123). Elucidation of pathogenic 
mechanisms may not only provide addition- 
al targets for intervention but may also 
guide approaches to augment or restore 
immune function. 

Overall, substantial resources have not 
been devoted to the pursuit of potential 
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drug targets other than RT and protease, 
and even fewer resources have been devot- 
ed to more innovative and risky approaches 
to restore immune function. In part, selec- 
tion of therapeutic approaches has been 
affected by limitations in basic knowledge 
and by the existence of technologies suit- 
able for high-throughput screens. Pharma- 
ceutical companies have demonstrated ex- 
treme care in managing the overall level of 
resources devoted to the development of 
antiviral agents. Most higher risk technol- 
ogies are supported by venture capital. The 
success of any particular approach is likely 
to generate interest from larger companies. 
In the interim, it is critical that the gov- 
ernment continues to support basic research 
on the pathogenesis of HIV disease and to 
foster linkages that accomplish a rapid 
translation of new findings and new tech- 
nologies into therapeutic gains. 

The field of HIV therapeutics would not 
be where it is today had it not been for 
previous research on retroviruses that 
helped identify RT and other viral proteins 
as targets for therapeutic intervention. The 
field has progressed to the point where 
therapies targeted to different stages of rep- 
lication are in trial and additional mecha- 
nism-based targets are in place. It is the 
view of these authors that ultimate success 
will depend not only on learning how best 
to use the drugs that are currently available 
and in development, but also on improving 
our understanding of the basic disease pro- 
cess so that all steps of the virus's impact on 
the host can be identified and countered, if 
not eliminated. 
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The subcellular localization of human immunodeficiency virus type 1 (HIV-1) viral protein R (Vpr) was 
examined by! Ifiy-l-infected peripheral blood mononuclear cells, Vpr was found 

in th« nuclear and me^ conditioned medium. Expression of Vpr without other 

HIV-L protd^^^ systems, demonstrated a predominant localization of 

Vpr in the nuclear matrix Deletion of the carboxyl-terminal 19-amino-acid 

arginine-rich sequence im Indirect immunofluorescence confirmed the nuclear 

localization of Vpr and also, in^ Expression of Vpr alone did not result in export 

of the protein fro with the Gag protein, Vpr was exported and found in 

vims-like particles. A truncated Gag p the p6 sequence and a portion of the p9 sequence, was 

incapable of exporting Vpr from the cell. Regulation of Vpr localization may be important in the influence of 
this protein on virus replication. 



The human immunodeficiency virus type 1 (HIV-1) genome 
is more complex than those of murine and avian retroviruses. 
In addition to the basic functions encoded by gag,pol, and env, 
the HIV-1 genome includes at least six additional genes with 
distinct regulatory roles (sec references 31 and 39 for reviews). 
Two of these regulatory genes, tat and rev, are essentia] for 
virus gene expression. The remaining genes, vpr, vpu, vif and 
nef are dispensable for virus replication in tissue culture, but 
mutations of these genes alter the replication properties of the 
virus. 

HIV-1 vpr encodes a protein (viral protein R [Vpr]) of 96 
amino acids (27). Previous studies have shown that the vpr 
products can increase the rate of replication of the virus and 
accelerate its cytopathic effects in T-cell lines and in peripheral 
blood mononuclear cells (PBMCs) (6, 8, 28, 29). Cohen and 
colleagues suggested that vpr increased gene expression from 
the HIV-1 promoter, as well as a wide range of other promot- 
ers, but the mechanism of this effect remains to be determined 
(7); vpr is also found in the genomes of HIV-2 and several 
strains of simian immunodeficiency virus (SIV) (5, 14). The 
activity of the HIV-2 and SIV vpr gene products appears to be 
similar to that of HIV-1 vpr ( 16, 35). Furthermore, SIV m:it vpr 
is important for the development of an AIDS-like disease in 
rhesus macaques (22). 

HIV-1, HIV-2, and SIV vpr gene products have 26 to 36% 
amino acid identity (40). Certain features of the Vpr proteins 
among different HIV isolates are highly conserved, including 
the presence of a single cysteine residue at amino acid position 
76 of HIV- 1 Vpr, a predicted amphipathic alpha-helical loop in 
the N-terminal portion of the protein, and the presence of an 
arginine-rich carboxyl-terminal tail. 

Vpr is packaged within the HIV-1 virion (6, 45). Similar 
findings have been reported for SIV mjlt . Vpr (44). The Vpr 
protein is the only regulatory product of HIV-1 found in virus 
particles, though the homologous vpx gene products of HIV-2 
and SIV mac are also associated with virus particles (17-19). 
However, the subcellular distribution of Vpr and the mecha- 
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nism of incorporation into virus particles arc unclear. In this 
study, the subcellular localization of Vpr in HIV-1 -infected 
PBMCs and in two different vpr expression systems in mam- 
malian cells was examined by subcellular fractionation and 
indirect immunofluorescence techniques. The role in cellular 
localization of the carboxyl-terminal arginine-rich sequence of 
Vpr was specifically studied. Lastly, the effects of Gag coex- 
pression on Vpr export and incorporation into virus particles 
were examined. ? l 



MATERIALS AND METHODS 

Cell lines and culture. COS-7 cells were obtained from the 
American Type Culture Collection and maintained in Dulbec- 
co's modified Eagle's medium (DMEM) supplemented with 
10% heat-inactivated fetal calf serum, 1 mM pyruvate, 100 U 
of penicillin per ml, and 100 u,gof streptomycin per ml. BSC40 
cells were maintained in the same medium. PBMCs were 
purified from normal human leukocytes by centrifugation onto 
Ficoll. After 3 days of stimulation with phytohemagglutinin (15 
(jig/ml; Sigma), PBMCs were maintained in RPMI 1640 me- 
dium supplemented with 10% heat-inactivated fetal calf se- 
rum, 4 mM glutamine, 50 U of recombinant interleukin 2 
(Cetus) per ml, 100 U of penicillin per ml, and 100 p,g of 
streptomycin per ml. 

Vpr and Gag expression plasmids. HIV-1 nucleotides 5558 
to 5869 (numbered according to reference 27) encompassing 
the pNL4-3 vpr gene was obtained by the polymerase chain 
amplification reaction, using primers AATACCATGGAA 
CAAGCCCCAG AAGA and GATGCTTCCAGGGATCCGT 
CTAGGATCTACTG. The reaction product was digested with 
Nco\ and /torn HI and cloned into pTM3 (designated here 
pTM) (12, 26), to produce pTM-VPR. The NcoUBamHl 
fragment of pTM-VPR was cloned between the Sail and Sac\ 
sites of pSRalpha (25) after blunt ending with T4 DNA 
polymerase, in the correct orientation (pSR-VPRs) and in the 
incorrect or antisense orientation (pSR-VPRa) (see Fig. 2A). 
The CRST mutant clone was constructed by digestion of 
pNL4-3 with Sail, at nucleotide 5786, and blunt ending with 
the Klcnow fragment of DNA polymerase I. It was then cloned 
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into the pTM vector by the strategy used to construct pTM- 
VPR. 

An Nco\-Nco\ fragment from plasmid pGGI (3, 32), con- 
taining nucleotides 789 to 5674, was cloned into the Nco\ site 
of plasmid pTM3, to produce plasmid pTM-GAG-POL. This 
clone contains the gag and pol open reading frames. Expression 
of the pol gene was abrogated by frameshift mutation at the 
Bell site at nucleotide 2428 in the 5' portion of pol to produce 
pTM-GAG. Plasmid pTM-GAG(p41) was constructed from 
pTM-GAG-POL by frameshift mutation at the Apal site at 
nucleotide 2005, using T4 DNA polymerase I. This results in a 
termination codon at nucleotide 2058 after the first Cys-His 
box coding region of p9. 

Vpr and Gag p24 antisera. A New Zealand White rabbit was 
inoculated with complete Frcund s adjuvant containing 200 jxg 
of Vpr protein, synthesized according to the sequence of 
HIV-1 strain LAI and kindly provided by H. Gras-Massc (13). 
Booster doses of 200 p,g of Vpr in incomplete Freund's 
adjuvant were given at 3, 6, 9, and 18 weeks after the initial 
inoculation. A New Zealand White rabbit was inoculated with 
complete Freund's adjuvant containing 100 |xg of recombinant 
p24 protein (provided by American Biotechnology through the 
NIH AIDS Research and Reference Reagent Program), and 
100-fxg booster doses were given 2 and 4 weeks later. 

Virus infection. HIV-1 virus stocks were generated by 
transfection of 60% confluent 10-cm-diameter COS-7 plates 
with 10 u.g of recombinant proviral clone NLHXADA(GG) 
(41) and 2 p,g of pCVl (tat expression vector [1]) by the 
calcium phosphate precipitation method, followed 5 h later by 
10% dimethyl sulfoxide shock for 2 min. The cells were washed 
twice with phosphate-buffered saline (PBS) before refeeding 
with 10 ml of fresh medium. Culture supernatants were 
harvested after 48 h and filtered (0.2- fxm -pore-size Millipore 
filter). Five milliliters of culture supernatant was used to infect 
5 X 10 7 PBMCs. Virus replication was monitored by determi- 
nation of reverse transcriptase activity (30). PBMCs (10 7 ) were 
labeled for 20 h in 2 ml of leucine-free RPMI 1640 medium 
containing 200 u,Ci of [ 4,5 - 3 H] leucine and fractionated as 
described below. Mock-infected cultures were exposed to 5 ml 
of filtered culture supernatants from untransfectcd COS-7 
ceils. 

Transfection and radiolabeling of COS-7 cells. COS-7 cells 
were grown to 60% confluence on 10-cm-diameter culture 
dishes and transfected with 15 u,g of pSR-VPRs or pSR-VPRa 
by lipofection as recommended by GIBCO. Briefly, 15 uJ of 
Lipofectin (GIBCO) was mixed with 3 ml of Opti-MEM I 
reduced-serum medium (GIBCO), and then 15 jig of DNA 
was added. The mixture was allowed to incubate at room 
temperature for 10 min before addition of the cells. Forty-eight 
hours after transfection, the cells were labeled with 4 ml of 
leucine-free DMEM containing 100 p.Ci of [4,5-^H] leucine per 
ml for 40 h. 

Infection-transfection protocol for the vaccinia virus expres- 
sion system. BSC40 cells were grown to 90% confluence on 
10-cm-diameter plates, infected for 1 h at 37°C with vTF7-3 
(12, 26) at a multiplicity of infection of 1Q, and transfected with 
pTM vectors by the lipofectin transfection method. Four hours 
after transfection, the cells were labeled for 20 h with 3 ml of 
leucine-free DMEM containing 100 u,Ci of [4,5- 3 H]leucine per 
ml. 

Subcellular fractionation. Labeled cells were fractionated 
into membrane, cytosolic, postnuclear, and nuclear fractions as 
previously described (23), with minor modifications. Nuclei 
were further fractionated into nucleoplasm, chromatin extract, 
and nuclear matrix as described by Staufenbiel and Deppcrt 
(37). Cells were washed with ice-cold PBS and scraped in PBS. 



The cell pellet volume was measured and rcsuspended in 10 
volumes of Douncc buffer (10 mM Tris-HCI [pH 7.5], 1.5 mM 
MgCL, 10 mM KG, 0.2 mM phenyl met hylsulfony! fluoride 
[PMSF], 0.5 mM dithiothreitol). The cells were allowed to 
swell on ice for 10 min before disruption with 20 to 25 strokes 
of a Douncc homogenizer. A small aliquot was saved and 
mixed with an equal volume of 0.4% (wt/vol) trypan blue in 
PBS to examine cell disruption under phase microscopy. 
Dounce homogenization was continued until >99% cells were 
disrupted. The homogenate was centrifuged at 1,500 rpm for 
10 min in a Beckman GS-6 rotor to generate the supernatant 
containing both the membrane and cytosolic fractions and the 
nuclear pellet. 

The nuclear pellet was subsequently extracted by four steps. 
First, the nuclear pellet was rcsuspended in buffer A (10 mM 
/V-2-hydroxycthylpiperaine-AT-2-ethancsulfonic acid [HEPES- 
KOH; pH 7.4), 0.25 M sucrose, 0.2 mM PMSF, 0.5 mM 
dithiothreitol) supplemented with 0.1% (vol/vol) Triton X-100 
and then incubated for 15 min on ice. The nuclei were pelleted 
at 1,500 rpm for 10 min, and the supernatant was designated 
the postnuclear wash fraction. Second, the pellet was resus- 
pended in buffer A supplemented with 0.5% Nonidet P-40 and 
incubated for 30 min on ice. The nuclei were pelleted again at 
1,500 rpm for 10 min, and the supernatant was designated the 
nucleoplasm ic fraction. The latter procedure was repeated 
twice, and the supernatants were pooled. Third, the Nonidet 
P-40-cxtracted nuclear pellet was subjected to DNase I diges- 
tion (!% [vol/vol] Triton X-100, 1.5 mM MgCl-,, 0.2 mM 
PMSF, and 50 p.g of DNase I (Sigma] per ml in PBS) for 15 
min at 37°C. Then an equal volume of 4 M NaCI was added, 
and incubation was continued for 30 min at 4°C. The sample 
was then subjected to centrifugation at 2,500 rpm for 10 min. 
The supernatant was designated the chromatin extract, and the 
pellet was resuspended in radioimmunoprecipitation assay 
(RIPA) buffer (1% [vol/vol] Triton X-100, 0.5% [wt/vol] 
deoxycholate, 0.1% [wt/vol] sodium dodecyl sulfate [SDS], and 
0.2 mM PMSF in PBS) for 30 min on ice. The insoluble portion 
was removed by centrifugation at 1,000 rpm for 15 min. The 
supernatant was designated the nuclear matrix. The purity of 
the nuclei was examined by using a control cytosolic protein, 
P-galactosidase, expressed in the same cells by transfection of 
a cDNA expression clone. More than 98% of the p-galactosi- 
dase activity was found in the cytosol, as measured by enzy- 
matic assay. Only 1.4% of the p-galactosidase activity was 
detected in the postnuclear wash fraction. No detectable 
activity was found in the purified nuclei. 

For the membrane and cytosolic fractions, the salt concen- 
tration was adjusted to 0.15 M NaCI and then the preparations 
were fractionated by ultracentrifugation at 100,000 X g for 30 
min. The supernatant was designated the cytosolic fraction. 
The pellet was washed with 1 M NaCI in PBS for 30 min on ice, 
and ultracentrifugation was repeated. The supernatant was 
designated the membrane wash fraction, and the membrane 
pellet was resuspended in RIPA buffer. 

Immunoprecipitation. Equivalent proportions (volume/vol- 
ume) of each of the subcellular fractions were precipitated 
overnight with 10% trichloroacetic acid at 4°C. The resulting 
pellets were washed in 70% ethanol, solubilized in sample 
buffer (0.125 M Tris-HCI [pH 6.8], 20% glycerol, 10% [vol/vol] 
2-mercaptoethanol, 4% [wt/vol] SDS). An aliquot was taken 
for scintillation counting to determine relative labeled protein 
content. 

Equivalent proportions (volume/volume) of each of the 
subcellular fractions were adjusted to 500 pJ of RIPA buffer. 
Immunoprecipitation was performed by the addition to 500 p.1 
of each fraction 5 uJ of anti-Vpr antiserum or 5 p.1 of anti-Gag 
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antiserum. Incubation was continued overnight at 4°C Twenty 
microliters of protein AfSepharose, beads (5Q% [vol/vol] in 
PBS) Was added, and the mixture was incubated for 120 min at 
, 4 o e v immunpprecipitates^ for 3 min 

at room temperature and washed three tiiihes with RIPA 
buffer. The beads were resuspehded in 30 u.1 of sample buffer. 
Samples wcreVtreated at >100°C for 10 min before SDS-1 2% 
polyacrylamide ;gel elect rophbresis (PAGEJ^ fixatipri for 30 
, min, ih^2 .acetjcVaiid,^trwtihent with 

Amplify :(A 
Bahdiiht^ 

'iirimunofl^ on 

^ighfiweir 1^ The cells were 

infected with yTFT^mnd transfer described above. The 
celfcwe^ 15 min 

•arid rknneabili^^ for 6 min 

at room temperatureVThe cells were then blocked for nonspe- 
cific binding of immunoglobulin by incubation for 30 min with 
PBS containing 5% ^ (wt/vol) nonfet dry mH^ 0.1% (vol/vol) 
Twecn 20. Slides were then incubated with rabbit anti-Vpr 
antibody (1:100 in Twecn buffer [PBS with 0.5% Tween 20 and 
1% bovine serum albumin]) and mouse monoclonal antihis- 
tone antibody (1:500, in Twe^ for 1 h at 

room temperature. The cells were washed several times with 
0:3% (vol/vol) Triton X- 100 in PBS and incubated at 4°C for 60 
min with fluorescein isothiocyariate ( FITC)-cbrijugatcd goat 
anti-rabbit immunoglobulin G to ' detect Vpr and rhodamine- 
conjuga ted goat anti-mouse immunoglobulin G to detect his- 
tories. The slides were washed extensively with PBS and 
mounted in Aqua mount solution (Lerner Lab) containing 
2;5% l,4-diazpbicyclo>i[2v2,2]<ictane (Sigma) to prevent pho- 
tobleachi ng of the FITC signal. Slide preparations were exam- 
ined on a Nikon fluorescence microscope eq'u ipped with 
appropriate fi lie rs and a microflex U FX camera system . Pho- 
tographs were prepared by using Kodak T-MAX film, push 
processed to ASA 3200. 

Sucrose gradients. BSC40 cells were infected, transfected, 
and labeled with pHjleucine as described above. Cellular 
debris was removed from the conditioned medium by centrif- 
ugation at 2,500 rpm for 15 min in a Beckman GS-6 rotor. 
Particles were concentrated by sedimentation through a 20% 
sucrose cushion prepared in PBS at 28,000 rpm for 90 min at 
4 9 C in an SW28. 1 rotor. Particles were resusperided in 200 u.1 
of PBS, layered on a linear 20 to 60% sucrose gradient in PBS, 
arid centrifuged in an SW28.1 rotor at 20,000 rpm for 16 h at 
4°C. Fractions were collected from the top of the tube. 



RESULTS 

Localization of Vpr in H IV- 1 -infected PBMCs. To examine 
the intracellular localization of Vpr, PBMCs, a natural target 
cell population, were chosen for HIV-1 infection. HIV-1 strain 
NLHXADA(GG) was chosen since it encodes a functional 
96-amino-acid form of Vpr identical in amino acid sequence to 
that encoded by NL4-3 (27, 29, 42). Nine days after infection, 
the cells were labeled for 20 h with [ 3 H]leucine, lysed by 
Dounce homogenization, and then fractionated into nuclear, 
cytosolic, and membrane fractions by differential centrifuga- 
tion. Each fraction was immunoprecipitated with a polyclonal 
rabbit anti-Vpr antiserum and subjected to SDS-PAGE (Fig. 
1). A Vpr-specific protein of 14 kDa was detected in NLHX 
ADA(GG)-infected cells and conditioned medium but not in 
mock-infected cultures. This protein was not immunoprecipi- 
tated with a control antiserum obtained from the preblecd 
serum of the same rabbit prior to inoculation with the synthetic 
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FIG. 1. Localization in PBMCs of Vpr expressed from infectious 
virus. PBMCs were infected for 9 days with HIV-1 strain NLHX 
ADA(GG) or were mock infected. The cells were labeled with 
. | 3 H (leucine, the medium was harvested (S), and the cells were 
fractionated into nuclear (N), cytosolic (C), and membrane (M) 
fractions as described in Materials and Methods. Equivalent portions 
of each fraction were immunoprecipitated with the anti-Vpr antiserum 
and analyzed by SDS-PAGE. Molecular mass markers are shown at 
the left in'kilodaltons. ' 



Vpr used for production of the anti-Vpr antiserum (not 
shown). 

The majority of Vpr was found in the culture supernatant, 
consistent with previous reports that Vpr is virion associated 
(6, 45). Intracellular Vpr was found in both nuclear (26%) and 
membrane (20%) fractions. Vpr in the nuclear fraction was not 
due to contamination with unbroken cells, which made up 
<l% of the total cell population used in the fractionation 
experiments. Less than 4% of the Vpr was found in the 
cytosolic fraction. Approximately 50% of the labeled Vpr was 
found in the conditioned medium. 

Expression and localization of Vpr in mammalian cells. To 
study the cellular localization of Vpr without the effect of other 
HIV-1 components, the NLHXADA(GG) vpr gene was cloned 
into a simian virus 40 (SV40)-based vector system, pSRalpha, 
in both the correct (pSR-VPRs) and incorrect or antisense 
(pSR-VPRa) orientations (Fig. 2A). The expression plasmid 
contains both the SV40 early enhancer (SV40-ori) and a 
human T-cell leukemia virus type I (HTLV-I) promoter with R 
and U5 elements of the HTLV-I long terminal repeat. This 
expression plasmid has previously been reported to achieve 
high levels of expression of a number of different lymphokine 
cDNAs in a variety of cell types (38) and to facilitate the 
expression of HIV-2 vpx in COS-1 cells (21). 

pSR-VPRs and pSR-VPRa were transfected into COS-7 
cells, and the cells were labeled with [ 3 H]Ie urine and separated 
into membrane, membrane wash, cytosolic, and nuclear frac- 
tions. Membranes loosely associated with nuclei were removed 
by a wash with 0.1% Triton X-100 and were designated the 
postnuclear wash. Soluble nucleoplasms proteins were ex- 
tracted with two successive washes in 0.5% Nonidet P-40, 
which permeabilizes the nuclear membrane (2). This method 
has previously been demonstrated to preserve overall nuclear 
and nucleolar architecture (33). The chromatin fraction was 
obtained by digestion of the resultant insoluble nuclear frac- 
tion with DNasc I and by a subsequent wash in a high-salt 
buffer. This fraction contained all of the major histone proteins 
found in intact nuclei (not shown). The salt- and detergent- 
insoluble fraction was pelleted to yield the nuclear matrix 
fraction, which was solubilized in RIPA buffer. 

The partition of Vpr during fractionation was examined by 
immunoprecipitation with the anti-Vpr antibody, SDS-PAGE, 
and densitometry quantitation (Fig. 2B). The chromatin frac- 
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FIG. 2. Localization in COS-7 cells of Vpr expressed from pSR. 
(A) Vpr sense (pSR-VPRs) and antisense (pSR-VPRa) expression 
plasm ids, which include a transcriptional enhancer (SV40-ori), u 
transcriptional promoter (HTLV-I long terminal repeat [R/U5]), and 
a polyadenylation insertion sequence (poly A- ins). (B) Subcellular 
fractionation of Vpr expressed in transfected and pHjleucine-labeled 
COS-7 cells from pSV-VPRs (S) and pSR-VPRa (A) in postnuclear 
wash (PNW), nucleoplasm (NUCLPL), chromatin (CHR), nuclear 
matrix (MAT), cytosol (CYT), membrane wash (MW), and mem- 
branes (MEM). Equivalent amounts of each fraction were immu no- 
precipitated with the anti-Vpr antiserum and analyzed by SDS-PAGE. 
The electrophoretic position of Vpr is shown by an arrow at the right. 



tion included 17% of the intracellular labeled proteins and 
44% of the total Vpr. The nuclear matrix included 1% of the 
intracellular labeled proteins and 56% of the total Vpr. Less 
than 1% of the total Vpr was found in the other cellular 
fractions. 

Truncation of the C terminus of Vpr impairs nuclear 
localization. Most nuclear localization signals consist of a short 
stretch of positively charged amino acids (15). Interestingly, 
the C terminus of Vpr contains a high proportion of positively 
charged amino acids, including 7 arginine residues among the 
C-terminal 20 amino acids (Fig. 3A). To characterize the role 
of this C-terminal sequence, a vaccinia virus expression system 
was used to achieve high-level and rapid expression of Vpr. 
The NLHXADA(GG) vpr gene was cloned into pTM3, a 
plasmid utilizing a T7 promoter for heterologous gene expres- 
sion. This plasmid was designated pTM-VPR. A carboxyl- 
terminal truncation mutant of pTM-VPR, pTM-CRST, was 
constructed by frameshift mutation at the Sail site. A recom- 
binant vaccinia virus, vTF7-3, which encodes T7 RNA poly- 
merase was used for expression in mammalian cells. 

BSC40 cells were infected with vTF7-3 and transfected with 
pTM-VPR or pTM-CRST. Cells were labeled with [ 3 H]leu- 
cine, cell supematants were harvested, and disrupted cells were 
fractionated into membrane, membrane wash, cytosolic, and 
postnuclear wash fractions and various nuclear fractions (nu- 
cleoplasms proteins, chromatin, and nuclear matrix). Equiva- 
lent amounts of each fraction were immunoprecipitated with 
the anti-Vpr antiserum and analyzed by SDS-PAGE (Fig. 3B), 
and band intensities were quantitated by laser densitometry 
(Fig. 3C). The predominant Vpr product expressed from 
pTM-VPR had an electrophoretic mobility of a 14-kDa pro- 
tein, with a minor band with a mobility of a 13-kDa protein. 
Vpr expressed from pTM-CRST electrophoresed as a 12-kDa 



protein, consistent with the removal of 17 amino acids from the 
carboxyl terminus. 

Eighty-four percent of pTM-VPR-expressed Vpr was found 
in nuclear fractions, primarily the nuclear matrix and chroma- 
tin fractions (Fig. 3B [left] and C). This result is in agreement 
with the fractionation data with pSR-VPR-expressed Vpr (Fig. 
2). Eight percent of pTM-VPR-expressed Vpr was tightly 
associated with the membrane fraction (Fig. 3B and C, MEM). 
The possible discrepancy in the amount of membrane associ- 
ation of Vpr expressed with the vaccinia virus expression 
system compared with the data obtained with pSR-VPR (Fig. 
2) may be related to the significantly higher level of expression 
of Vpr with the vaccinia virus expression system than with the 
SV40 plasmid expression system. Only 4% of Vpr was found in 
the cytosol (Fig. 3B and C, CYT), and no detectable Vpr was 
released from cells into the cell supernatant. 

Deletion of the arginine-rich C terminus of Vpr resulted in 
a dramatic shift of Vpr cellular localization (Fig. 3B [right] and 
C). Only 25% of the truncated Vpr was retained in the nuclear 
fraction. Furthermore, the distribution in nuclear fractions of 
pTM-CRST product was distinctly different from that of 
pTM-VPR, with the majority of the truncated protein in the 
nucleoplasm. Twenty-four percent of the pTM-CRST protein 
was in the postnuclear wash, compared with 3% of the 
pTM-VPR product, Thirty-eight percent of the mutant Vpr 
was found in the cytosol, compared with 4% of the parental 
Vpr. Similar amounts of pTM-CRST and pTM-VPR products 
were bound to membranes. 

Indirect immunofluorescence localization of Vpr. Subcellu- 
lar fractionation experiments indicated predominant localiza- 
tion of Vpr in the nucleus. To confirm these results, indirect ; 
immunofluorescence was performed with fixed cells. BSC40 
cells were infected with vTF7-3 and then transfected with 
pTM-VPR or pTM. Vpr was detected by anti-Vpr rabbit 
antibody and visualized with FITC-conjugated anti-rabbit an- 
tibody. Intense immunofluorescence was observed in the ma- 
jority of cells transfected with pTM-VPR (Fig. 4A, left), but no 
fluorescence was observed in cells transfected with the vector 
pTM alone (Fig. 4 A, right) or if preimmune serum was used 
(not shown). 

Four types of staining patterns were observed in four 
independent experiments in which 50 cells were randomly 
selected and enumerated. Sixty-two percent of the cells showed 
a diffuse nuclear and focal perinuclear staining pattern (Fig. 
4B, middle). The nucleus is visualized by phase-contrast mi- 
croscopy (Fig. 4B, left) and mouse antihistone and rhodamine- 
conjugated anti-mouse antibody (Fig. 4B, right). Twenty-seven 
percent of the cells showed focal perinuclear staining only. Six 
percent of the cells had diffuse perinuclear staining with 
intense immunofluorescence surrounding the nucleus. Four 
percent of the cells showed only diffuse nuclear staining. 

Influence of Gag protein on Vpr export and virion incorpo- 
ration. In HIV- 1 -infected cells, Vpr was found to be exported 
into the medium in virus particles (Fig. 1) (6, 45), though no 
export was found when Vpr was expressed in the absence of 
other virion components (Fig. 3). To assess the requirements 
for export, Vpr was coexpressed with the HIV-1 Gag p55 
precursor protein by using plasmid pTM-GAG. BSC40 cells 
were infected with vTF7-3 and transfected with pTM-VPR 
alone, pTM-G AG alone, or both plasmids. No differences were 
noted in the electrophoretic mobility or quantity of the 14-kDa 
product in the cell lysates with pTM-VPR expressed in the 
presence or absence of pTM-GAG (Fig. 5A, left). The pTM- 
GAG product was primarily a 55-kDa protein, with smaller 
amounts of 43- and 4I-kDa products. The latter proteins were 
found to be Gag proteins, since they did not react with a 
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FIG. 3. Subcellular distribution of vaccinia virus-expressed parental Vpr and carboxyl-terminal truncation mutant CRST in BSC40 cells. (A) 
Schematic drawing of the Vpr protein, indicating the carboxyl-terminal arginine-rich sequence of the wild type ( WT) and of the truncation mutant, 
CRST. (B) Vpr expressed from pTM3 in vTF7-3-infected cells. Cells were labeled with [*H]leucine and fractionated into postnuclear wash (PNW), 
nucleoplasm (NUCLPL), chromatin (CHR), nuclear matrix (MAT), cytosol (CYT), membrane wash (MW), membranes (MEM), and cellular 
supernatant (SUP). Molecular mass markers are shown at the left in kilodaltons. (C) Proportion of VPR in each subcellular fraction as determined 
by laser densitometry from pTM-VPR (solid bars)- or pTM-CRST (hatched bars)-transfected cells. 



preimmune serum or the anti-Vpr antibody (not shown). 
These smaller proteins may represent nonspecific cleavage 
products, products from initiation at a downstream AUG 
codon, or premature translational termination. No effects on 
Gag protein expression were noted with coexpression of Vpr. 

Expression of pTM-VPR alone did not result in export in 
the cell supernatant (Fig. 5A, right). Expression of pTM-GAG 
resulted in the 55-kDa product in the cell supernatant. Coex- 
pression of pTM-GAG with pTM-VPR promoted the export 
of Vpr into the cell supernatant. 

To determine whether the viral proteins released into the 
cell supernatant were associated with particles, sucrose gradi- 
ent analysis was performed (Fig. 6). Particles were first con- 



centrated from the cell supernatant samples by centrifugation 
through a 20% sucrose cushion. The resultant particulate 
material was resuspended and analyzed on a linear 20 to 60% 
sucrose gradient. Each fraction was concentrated with 10% 
trichloroacetic acid and analyzed by SDS-PAGE. No particle- 
associated protein was found from cells transfected with 
pTM-VPR alone (Fig. 6A). Expression of pTM-GAG alone 
resulted in particle-associated Gag protein banding in fractions 
lOand II, at a density of 1.16 to 1.17g/ml (Fig. 6B). Expression 
of pTM-GAG together with pTM-VPR resulted in cosedimen- 
tation of both Vpr and Gag in fractions 1 1 and 12, at a density 
of 1.16 to 1.17 g/ml (Fig. 6C). 
Vpr packaging was also assessed with a clone expressing a 
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FIG. 4. Immunofluorescence lociiiiziition of Vpr in BSC40'cells^(A) pTM:VPR (left)- or pTM (n^t)T(rahsfecte(l VTF7-3 infected cells were 
incubuted with the anti-Vpr antiserum and an FITC-conjugated goat anti-rabbit immunoglobulin. Magnification, x 188. (B) Higher magnification 
(x752) by phase-contrast microscopy (left) and fluorescence microscopy (middle and right) of a representative cell incubated with anti-Vpr 
antiserum and FITC-conjugated goat anti-rabbit immunoglobulin (middle; filter with excitation range of 45(1 to 49(1 nm and emission range of 520 
to 56(1 nm) and antihistonc antiserum and rhodamine-conjugatcd goat anti-mouse immunoglobulin (right; filter with excitation range of 51p.*to560 
nm and emission range of >59(> nm). Diffuse nuclear (thin arrow) and focal perinuclear staining (thick arrow) are indicated in the middle panel. 



truncated form of the Gag precursor protein, pTM-GAG(p41 ), 
in which all of the amino acids following the first Cys-His box 
of NC as well as the C-terminal p6 coding sequence were 
removed. This construct has been shown to produce virus-like 
particles in the vaccinia virus infection-transfection system in a 
manner similar to that of pTM-GAG (not shown). When 
coexpressed with pTM-VPR, p41 appeared in the supernatant 
but did not result in the export of Vpr from the cells (Fig. 5B). 
The failure to detect Vpr in the cell supernatant was due to the 
absence of Vpr export rather than to the lower quantity of p4I 
Gag particles produced, since no Vpr was detected, even after 
overexposure of the autoradiogram shown in Fig. 5B. In 
contrast, in the same experiment, production of p55 from 
pTM-GAG resulted in significant export of Vpr. 

DISCUSSION 

Localization of Vpr in the nucleus. In this study, we used 
three different expression systems to provide evidence for the 
localization of a significant proportion of Vpr in the nucleus, as 
demonstrated by subcellular fractionation techniques. In HIV- 
1 -infected PBMCs, 26% of the expressed Vpr was found in the 
nucleus (Fig. I ). In contrast, when Vpr was expressed in the 
absence of other viral components by using an SV40 expression 
plasm id, almost all of the protein was found in the nucleus 
(Fig. 2). Similar results were obtained with the vaccinia virus 
expression system, in which case 84% of the Vpr was found in 
the nucleus (Fig. 3). Results of the indirect immunofluores- 
cence experiments support the results obtained by using sub- 
cellular fractionation techniques, indicating nuclear staining in 
66% of Vpr-expressing cells (Fig. 4; sec Results). 

Further fractionation of the isolated nuclei provides addi- 
tional evidence for Vpr localization in the nucleus rather than 



in membranes loosely associated with the nuclear membranes. 
These experiments identified the predominant association of 
Vpr with the chromatin and nuclear matrix fractions (Fig. 2 
and 3). The association of Vpr with the nuclear matrix is 
unlikely to be spurious, since it is resistant to Nonidet P-40, 
DNasc, and high-salt extraction procedures. Although the role 
of the nuclear matrix in transcriptional regulation is unclear, 
several studies have indicated that it may play an important 
role. The nuclear matrix has been reported to have a role in 
mRNA transcription and processing via its involvement in 
attachment and/or association with newly transcribed mRNA 
(20). ribonuclcoprotcin particles ( 1 1 ), and pre-mRNA splicing 
machinery (36, 46). Several gene products, characterized for 
their ability to promote oncogenic transformation, arc also 
associated with the nuclear matrix. These include the large T 
antigen of polyomavirus (4), myc gene products (9), the 
adenovirus EI A protein (10), and the Tax protein of HTLV-I 
(43). The presence of Vpr in the nuclear matrix might indicate 
a role in tram activation of viral gene expression or RNA 
processing. This is consistent with a report by Cohen and 
colleagues suggested that Vpr may serve as a trans activator of 
HIV-I gene expression as well as a trans activator of other 
genes (7). However, the mechanism of this effect and its 
relevance to Vpr action during virus replication remain un- 
clear. Alternatively, Vpr association with the nuclear matrix 
may affect host cell gene expression. This view is consistent 
with a recent report that Vpr induces muscle cell differentia- 
tion (24). 

Though Vpr lacks a classical nuclear localization signal (15), 
the carhoxyl -terminal portion of the protein is rich in basic 
amino acids. A truncation mutation which removes the carbox- 
yl-terminal 19 amino acids was found to impair Vpr localiza- 
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FIG. 5. Influence of Gag expression on Vpr localization. (A) BSC40 cells (10") were grown on 60-mm-diameter plates overnight and then 
infected with vTF7-3 and transfected with 7.5 p.g of pTM-VPR (VPR) and/or 7.5 p,g of pTM-GAG (GAG). The negative control cells were 
transfected with 15 |ig of pTM vector. The cells were labeled with 100 p.Ci of [ 3 H]leucine per ml for 16 h, scraped in PBS, and resuspended in 
RIPA buffer. The cell lysates and cell supernatant fractions were immunoprecipitated with both the anti-Vpr and anti-Gag antisera and analyzed 
by SDS-PAGE. The electrophoretic positions of Gag and Vpr arc shown at the left. (B) BSC40 cells (0.3 x 10 h ) on 35-mm-diameter plates were 
infected and transfected with 2 jtg of pTM-VPR and 0, 4, 8, or 16 u.g of pTM-GAG(p55) or pTM-GAG(p41), as indicated at the top. The cells 
were labeled and analyzed as described above. 



tion in the nucleus (Fig. 3). Furthermore, the distribution of 
the small proportion of truncated Vpr found in the nucleus was 
distinctly different from that of full-length Vpr, with the 
truncated Vpr localized predominantly in the nucleoplasm and 
very little Vpr in the nuclear matrix or chromatin fractions. It 
is possible that truncation of the carboxyl-terminal portion of 
Vpr alters the conformation of the molecule. Alternatively, it is 
possible that the carboxyl-terminal arginine-rich sequence 
serves as at least part of a nuclear localization signal. This view 
is supported by our preliminary observations that attachment 
of the C-terminal 19-amino-acid Vpr sequence onto p-galac- 
tosidase directs this protein to the nucleus (not shown). 

Previous studies with lymphoid cells had indicated an im- 
portant functional role for the C-terminal Vpr sequence (29). 
Therefore, these findings are consistent with an important role 
for Vpr localization in the nucleus for HIV-1 replication. 

Membrane-associated Vpr. Though very little Vpr could be 
identified in the cytosol, a small proportion was consistently 
associated with the membrane fraction. This observation is in 
agreement with findings of Sato and colleagues (34). In 
HIV-l-infected PBMCs, 20% of Vpr was found in the mem- 
brane fraction (Fig. 1), whereas with the vaccinia virus expres- 
sion form of the protein, 8% was found in the membrane (Fig. 
3B and C). The indirect immunofluorescence experiments also 
suggested that some Vpr is found at an extranuclear site but 



closely associated with the nucleus (Fig. 4; see Results). The 
latter site may represent intracellular membranes, possibly 
with either the endoplasmic reticulum or Golgi apparatus. 
However, a Golgi location for Vpr is unlikely, since brefeldin A 
treatment did not change Vpr localization (not shown). The 
nature and significance of membrane localization of VPR 
require further analysis. 

VPR export from cells and incorporation into virus parti- 
cles. Several previous studies have demonstrated that HIV- 
and SIV-expressed Vpr is incorporated into virus particles (6, 
44, 45). This finding is in agreement with our observation that 
50% of Vpr expressed in HIV-l-infected PBMCs is exported 
from the cells (Fig. I). Vpr expression in the absence of other 
viral components resulted in no detectable export (Fig. 3 and 
5). However, coexpression with the Gag p55 precursor protein 
resulted in export of VPR from the transfected cells (Fig. 5) 
and incorporation into virus-like particles (Fig. 6). Thus, Vpr 
incorporation into virus particles is independent of viral enve- 
lope incorporation. This finding suggests that Vpr associates 
directly or indirectly with a portion of the Gag precursor 
protein. The finding that the p41 truncation form of Gag is 
unable to package Vpr suggests the possibility of an interaction 
between either the p9 nucleocapsid r.-o* or the proline-rich 
p6 protein and Vpr. 

Although the significance of Vpr incorporation into virions 
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FIG. 6. Sucrose gradient analysis of particles released from BSC40 
cells transfected with pTM-VPR (A), pTM-GAG (B), pTM-VPR and 
pTM-GAG (C). Fractions were precipitated with 10% (wt/vol) trichlo- 
roacetic acid and analyzed by SDS-PAGE. Fraction 1 is from the 
bottom and fraction 16 from the top of each gradient. Molecular mass 
markers are shown at the left in kilodaltons. 



is unclear, it is likely that this protein plays an important role 
in early events in the virus life cycle. It is tempting to speculate 
that the nuclear localization domain of Vpr allows targeting of 
the viral preintegration complex to the nucleus. Further studies 
on this important regulatory protein will be required to fully 
elucidate its role in the HIV life cycle. 
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The 95 amino acid-protein encoded by the non-structural vpr gene of the human immunodeficiency virus 
type 1(LAV-1BRU isolate) was chemically synthesized by solid phase methodology. The sythetic vpr protein 
was characterized by amino acid analysis, sequence analysis, RP-HPLC, and urea-SDS PAGE. Using a 
radioimmunoassay, antibodies to the synthetic protein were detected in sera of 25% of HIV 1 -seropositive 
patients tested. Western blot analysis suggested that the antibodies preferentially recognize the dimeric form 
of vpr. 

Key words: HIV-1; HIV-infected patients; peptide synthesis; serological reactivity; solid phase; vpr 



The human immunodeficiency virus 1 (HIV-1) is the 
etiologic agent of the acquired immunodeficiency syn- 
drome (AIDS). Beside the three genes (gag, pol, env) 
that encode the structural proteins, the HIV-1 pro- 
virus encodes six additional functional genes (tat t rev, 
nef, vif vpu, vpr). The non-structural proteins encoded 
by these six genes are absent from the virion but are 
expressed by the infected cell, and have an intricate 
regulatory role on the synthesis of infectious virions 
(1). Investigation of the precise function of these regu- 
latory proteins and of the immune response they elicit 
may help in understanding the mechanisms involved 
in the maintenance of silent phases of HIV infection 
that can precede seroconversion (2, 3), and in the 
evolution from the asymptomatic seropositive phase 
of the infection towards AIDS. 
The vpr gene product has been described and inves- 



Abbreviations: t-BOC, /er/.-butyloxycarbonyl; BrZ, bromobenzyl- 
oxycarbonyl; cHex, cyclohexyl; MeBzl, 4-methyl-benzyl; Tos, p- 
tohienesulfonyl; For, formyl; DNP, dinitrophenyl; DCC, dicy- 
clohexylcarbodiimide; HOBt, hydroxybenzotriazole; TFA, trifluo- 
roacetic acid; DMF, dimethylformamide; DCM, dichloromethane; 
DIEA, diisopropylethylamine; HF, hydrofluoric acid; DNP; PBu 3 , 
tributylphosphine; BSA, bovine serum albumin; SDS, sodium 
dodecyl sulfate. 



tigated in only one study (4), and is the only non-struc- 
tural protein whose function has remained unknown, 
although very recent preliminary data suggest that vpr 
might act as a transactivator (5). The vpr gene is highly 
conserved among different proviruses for which se- 
quence information is available (6-14), although, in 
one infectious isolate (10), the vpr gene contains a stop 
codon after only 54 bases. Several strains contain an 
18 or 19 amino acid C-terminal extension (11-14). 
This is the case for the LAV-1BRU sequence (11), 
which is the reference strain in Europe (Table 1). The 
hydrophilicity profile (15) of this sequence suggests 
that both the N- and C-terminal ends of the protein 
have a high probability of being major B cell epitopes 
(Fig. 1) implying that the whole structure might be of 
interest for immunological studies. 

Using an incomplete vpr recombinant protein from 
the BH10/HIV-1 sequence lacking 8 TV-terminal and 2 
C-terminal amino acids and expressed in a fusion 
protein, Wong-Staal et al. (4) have detected antibodies 
to vpr in a third of sera from HIV-infected patients. 
Chemical synthesis of such a relatively small protein 
appeared as an attractive alternative to recombinant 
DNA technology, with regard to the possibility of 
obtaining the full length sequence, including the very 
N- and C-terminal amino acids that were absent in the 
fusion protein used by Wong-Staal et al (4), and 
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TABLE 1 

Alignment of the HIV- J vpr-gene protein sequences 
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avoiding any contaminating protein from the bacterial 
host, which can lead to false positive serological results. 
Here we report the synthesis by solid phase methodol- 
ogy (16) of the entire 95-residue vpr protein derived 
from the LAV-1BRU isolate, with the purpose of 
providing sufficient material to enable extensive inves- 
tigation of the immune response to vpr in HIV-infect- 
ed patients, its immunogenics ty in experimental 
models, and its possible biological function. 

MATERIALS AND METHODS 

Synthesis and purification vpr 
Chemical synthesis was performed using a fully auto- 
mated reprogrammed Applied Biosystems model 430 
A peptide synthesizer. tBOC-Na protected amino 
acids (Peptide Institute, Osaka) were sequentially 
coupled to the tBOC-OBzl-Ser-OCH 2 PAM-resin (17) 
(Applied Biosystems) (0.5 mmol; loading of starting 
resin: 0.67 mmol per gram). Side chain protecting 
groups were: Asp (OcHex) (18), Glu (OcHex) (19), 
Ser(Bzl), Thr(Bzl), Arg(Tos), Tyr(BrZ), Cys(4- 
MeBzl), Trp(For), and His (DNP). Amino acids were 
coupled as symmetric anhydrides (20), except for Asn, 
Gin, Arg(Tos), and His(DNP), which were coupled 
according to the DCC/HOBt method (21). Systematic 
double-coupling (4 mmol amino acid per coupling) 
was performed, first coupling in DMF, and second 
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FIGURE 1 

Hydrophilirity profile (15) of vpr gene product (LAV-1BRU se- 
quence). 
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coupling in DCM. Coupling times were 26 and 34min 
for the first and second coupling as symmetric anhy- 
dride, progressively increased to 32 and 40min respec- 
tively, 41 min for the DCC/HOBt method, progres- 
sively increased to 47 min. The programming was 
adapted to optimize vortexing during introduction of 
solvents and reactives. A part (25%) of the peptide 
resin, corresponding to peptide 46-95, was removed 
during the synthesis for further studies and to allow an 
adequate swelling of the residual resin. After assembly 
of the complete protected peptide chain, 3.9 g (67% 
yield) of peptide resin were obtained. The, peptide 
resin (1 g) was treated three times with 15% mercap- 
toethanol- 2% DIE A in DMF for 60 min each time, in 
order to remove the DNP groups from the histidine 
residues. The tBOC group was removed with 50% 
TFA, and the resin was dried, cleaved and deprotected 
in a Teflon-Kel F-HF apparatus (ASTI, Courbevoie, 
France), in low-concentration of HF in dimethylsul- 
fide, in the presence of />-cresol and /7-thiocresol 
(25:65:7.5:2.5) for 2h at 0°, followed by a high-HF 
procedure in HF,/?-cresol and thiocresol (90:7.5:2.5) 
for 1 h at 0° (22). The cleaved deprotected peptide was 
precipitated and washed with cold diethylether, and 
then dissolved in 5% acetic acid and lyophilized. The 
crude peptide (600 mg) was dissolved in neat TFA 
(30 mL) and was precipitated by pouring into dry 
ice-cooled diethylether (300 mL). After centrifugation, 
the precipitate was dissolved in water (20 mL), treated 
with 10^L PBu 3 (40/zmol) (23) for 30 min and con- 
centrated to 1 0 mL by ultrafiltration. The solution was 
dialyzed against 0.1% O-octyl-D glucopyranoside 
(Aldrich) in water (50 mL), then against 1% acetic, 
acid (400 mL), on a YM5 (Amicon, Danvers, USA) 
membrane, and lyophilized, to give 260 mg protein 
(acetate), corresponding to 218mg protein without 
counterions, as determined by hydrolysis and quan- 
titative amino acid analysis (30% yield, based on 
starting tBOC-Ser(OBzl)-PAM resin). 

Hydrolysis of free peptides and peptide resins 
Dried samples of the peptide resin were hydrolyzed 
with 12 n HCl/propionic acid/phenol (5:5: 1) for 2 h at 
140° (24). Hydrolysis of the free peptides were with 
6 n HCl/phenol ( 1 0: 1 ) at 1 1 0° for 24, 48, or 72 h in an 
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evacuated sealed tube. Amino acids were quantitated 
on a Beckman amino acid analyzer model 7300 with 
ninhydrin detection. 

Analytical high-pressure liquid chromatography 
Purified synthetic vpr protein (SpgjSpL buffer A) was 
applied onto a Vydac C4 5p 300 A column 
(7.5 x 100 mm) in a Shimadzu system. Buffer A was 
0.05% TFA in water, buffer B was 0.042% TFA, 75% 
acetonitrile in water; flow rate was 0.2mL/min. Detec- 
tion was by absorbance at 215 nm. 

Urea-SDS polyacrylamide gel electrophoresis 
Electrophoretic characterization of the synthetic vpr 
protein was according to Swank & Miinkress (25) on 
12.5% polyacrylamide gel prepared with the acryla- 
mide/bis (acrylamide) ratio (10:1), and the inclusion 
of 8 M urea in the SDS containing gel buffer. The gel 
was run at 130 V, for about lOh. Molecular weight 
markers (Pharmacia) were 17200; 14600; 8240; 6380; 
2 560. 

Amino-terminal sequence determination 
A sample of purified synthetic vpr protein was loaded 
onto a polybrene- treated glass fiber disk, and the 
Edman degradation was performed for 30 cycles in an 
Applied Biosystems protein sequencer equipped with 
an on-line model 320 A PTH analyzer. 

Detection of anti-vyr~antibodies 
Sera from 23 HIV- 1 infected patients and from 40 
healthy controls were investigated. Seropositivity 
(antibodies to the HIV-1 structural proteins gag,pol, 
and env) was determined by an enzyme-linked im- 
munosorbent assay (ELISA) (Elavia, Diagnostic 
Pasteur) and by Western blotting (Du Pont de 
Nemours). Patients were classified according to the 
CDC (Center for Disease Control, Atlanta) classifica- 
tion: stage IT (asymptomatic), and stage TV (AIDS). 

Solid-phase radioimmunoassay ( RIA ) was performed 
as previously described (2). Briefly, Star tubes (Nunc, 
Denmark) were coated at room temperature with 
250 pL protein (2pg) in 0.015 m carbonate-0.035 m 
bicarbonate buffered at pH9.6. The proteins used as 
antigens were the chemically synthesized vpr, an £. 
coli recombinant nef protein, and an E. coli recom- 
binant p24 protein, purified to more than 97% and cor- 
responding to the complete coding sequences of the 
LAV-1BRU isolate (provided by Transgene SA, 
Strasbourg, France). The tubes were saturated by 
incubation with 3% bovine serum albumin (BSA) in 
phosphate buffer saline (PBS) for 2h at room tem- 
perature, washed twice in PBS, and then incubated 
overnight with human serum at a 1:50 dilution in 
PBS-0.3% BSA. After three washes in PBS, bound 
human antibodies were detected by overnight incuba- 
tion at room temperature with 125 I-radiolabelled 



murine monoclonal antibodies to human IgGl 
(Seward, UK) in PBS-0.3% BSA, followed by three 
washes in PBS containing 0.01% Tween, and bound 
radioactivity was counted in a gamma counter (LKB, 
Sweden). In each assay, 10 different sera from healthy 
individuals were used as controls. The increase in 
bound radioactivity observed in the presence of posi- 
tive sera (BJ versus control sera (B 0 ) was calculated: 

A + % = [100 - (B o /BJ100] ± sem 

Sera were considered positive when superior to the 
cutoff (mean of control values + 3 sd). 

Western blot. After urea-SDS electrophoresis, the 
synthetic protein was electroblotted to a nitrocellulose 
filter. Strips were saturated with PBS-milk 5% during 
1 h at room temperature, then incubated with human 
serum at 1:100 dilution in PBS-milk 0.5% overnight 
at 4°. After 5 washes in PBS-Tween 0.3%, biotinylated 
polyclonal anti-human immunoglobulin antisera (Du 
Pont) were incubated at 1 :1 50 dilution in PBS-milk 
0.5% for 2 h at 4°. After 5 washes in PBS-Tween 0.3%, 
strips were saturated with peroxidase-avidin (Du 
Pont) at 1:150 dilution in PBS-milk 0.5% and re- 
vealed with the enzyme substrate (4-chloro-naphthol, 
Kirkegaard & Penny Lab, Inc.). 



RESULTS AND DTSCUSSION 

Synthesis 

The synthesis followed the stepwise solid-phase stra- 
tegy (16), with the acid-labile group ter/.-butyloxycar- 
bonyl (Boc) for temporary JST protection, using a 
"PAM"-resin (17), able to withstand the 95 deprotec- 
tion steps required for the synthesis. Cyclohexyl esters 
of /er/.-butyloxycarbonyl aspartic (18) and glutamic 
acids (19) were used because they are more acid stable 
than corresponding benzyl esters, and minimize as- 
partimide and pyrrolidone carboxylic acid formation, 
respectively. Key to the high yield of our synthesis was 
the efficiency of coupling steps, using systematic 
double-coupling in two different solvents, and amino 
acids activated as the highly reactive symmetric anhy- 
drides (20), prepared automatically before each step, 
without delay between neutralization and coupling 
step: this precaution is particularly useful after the 
Gln-Gln sequences in positions 84-86 and 64-65, and 
avoids the occurrence of a significant chain termina- 
tion by cyclisation to pyroglutamic acid. At the end of 
the synthesis, the weight of the peptide resin corre- 
sponded to a global yield of 67%, or to an average 
yield of 99.6% per step. Progress in synthesis was 
followed by amino acid analysis of hydrolyzed 
samples of peptidyl-resin at several stages of chain- 
assembly. The distribution of residues made it possible 
to check the regular incorporation of the residues, 
considering Arg a marker for the C-terminal part of 
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the molecule (8Arg residues out of 11 are present 
among the 35 C-terminal amino acids), and Glu/Gln 
as a marker for the ^-terminal part of the molecule (9 
residues out of 18 are present in the 26 JV-terminal 
amino acids). As shown in Table 2 lanes 1-4, the 
molar ratios of amino acids were close to the theoreti- 
cal values in each sample, indicating the absence of 
extensive chain termination during the synthesis. 
Between the two last samplings, we could use phenyl- 
alanine as an internal standard to calculate the yield of 
incorporation of Glu/Gln during the last 25 steps of 
the synthesis: whereas the number of phenylalanine 
remained constant between these two steps, 9 Glu or 
Gin were introduced during the synthesis. The actual 
increase in Glu/Gln relative to Phe was 7.14; this value 
corresponds to a global yield of 79%, or an average 
yield of 99. 1 1 % per step. This result was in good 
agreement with the yield calculated on the basis of the 
weight of the final peptide resin: the weight of the 
peptide resin at the end of the synthesis corresponds to 
a global yield of 67%, or an average yield of 99.6% 
per step. 

After coupling of the final amino acid residue, the 
DNP groups of the histidine residues were removed by 
thiolysis before deprotection and cleavage by the 
"low-high" HF procedure (22). Under these con- 
ditions, all the protecting groups were removed. Pre- 
liminary trials were performed to purify the product 
using HPLC (gel filtration in dissociating buffers con- 
taining 4 m guanidine HC1 on a Bio-Sil TSK-250 
column (Bio-Rad), hydrophobic interaction chro- 
matography on an (alkyl)aspartimide HIC column 
(Nest group) using 1.8 m ammonium sulfate-O.lM 
potassium phosphate pH7 as starting buffer, RP- 
HPLC on a Vydac C4 column in water-acetonitrile 
0.05% TFA, ionic exchange on a sulfoethyl asparti- 
mide SCX column (Nes group) using a buffer system 
0.2MNaCl/potassrum phosphate 50mMpH3.5: in 
each case, formation test' missing of aggregates during 
chromatography was observed. Since highly resolut- 
ing chromatographic techniques could not be used, we 
chose the simplest accessible method to purify the 
synthetic protein; the crude product was first preci- 
pitated in TFA/diethylether to remove most of the 
residual non-volatile hydrophobic scavengers and by- 
products. The peptide was then redissolved in water 
and, using a dialysis membrane with a 5 000 molecular 
weight cutoff, was concentrated by ultrafiltration in 
reductive conditions (tributylphosphine), and purified 
by dialysis first in the presence of 0. 1 % of a non-ionic 
dialyzable detergent (O-octyl-D-glucopyranoside), 
then extensively against acidified water. Since capping 
was not performed during synthesis, and since purifi- 
cation by dialysis was not likely to have removed 
deletion peptides differing from vpr by a single missing 
internal amino acid, sequence analysis could be con- 
sidered representative of the coupling efficiency during 
the last steps of chain elongation. The Af-terminal 



TABLE 3 

Quant native sequence analysis of synthetic vpr 



Cycle 


Residue 


Cumulative 


Average 


v t 

No. 




preview (%) 


preview 
per step (%) 


1 


Gin 


0.22 


0.11 


2 


Ala 


0.4 


0.20 


3 


Pro 


1.5 


0.50 


5 


Asp 


2.0 


0.40 


10 


Arg 


5.7 


0.57 


13 


Thr 


7.6 


0.58 


14 


Asn 


9.8 


0.70 


17 


Thr 


10 


0.59 


25 


Lys 


12 


0.48 


28 


Ala 


19 


0.70 



The premature appearance (preview) of amino acids was calculated 
as the ratio of peak area of amino acids / at cycle i-J to the sum of 
the peak area of amino acid i-l at cycle i'-/ and of the peak area of 
amino acid / at cycle i. All peak areas were corrected for back- 
ground. 

sequence of the purified peptide was determined by 30 
cycles of Edman degradation. The premature appear- 
ance (''preview") of amino acids during successive 
cycles of degradation is an indicator of the rate of 
deletions that occurred during synthesis. The cumula- 
tive level of preview was quantified from 28 sequenc- 
ing runs (Table 3). Taking into account the limits of 
precision due to the increasing background, a cumula- 
tive preview of 19% was calculated, corresponding to 
an average preview of 0.6% per step. 

Considering this 0.6% deletion ratio as a mean 
value for 94 steps, we estimated that 56% of the chains 
had the target sequence, while 32% of the final 
product consisted of a mixture of closely related pep- 
tides with a single amino-acid deletion (26). 




60 mn 
tim» 



FIGURE 2 

Analytical RP-HPLC. Purified synthetic vpr (5/*g/5/*L buffer A) 
was applied onto a Vydac C4 5// 300 A column (7.5 x 100 mm). 
Buffer A was 0.5% TFA in water, buffer B was 0.5% TFA-75% 
acetonitrile in water; flow rate was 0.2mL/rnn. Detection was by 
absorbance at 215 nm, 0.64 AUFS. 
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17 200 - 

14 600 - 

8 240 - 

6 380 - 



2 560 - 




TABLE 4 

Prevalence of the antibody response to the regulatory gene products 
vpr and nef and to the virion core protein p24 in HIV i -infected 

seropositive patients 



FIGURE 3 

Urea-SDS gel electrophoresis on a 12.5% polyacrylamide gel con- 
taining 8 m urea (acryiamide/bis-acrylamide ratio: 1 0/1). Molecular 
weight markers (Pharmacia) are shown on the left lane for com- 
parison and were: 17200; 14600; 8240; 6380; 2 560. 



Chemical characterization of vpr 

Amino acid analysis of the purified protein was per- 
formed after acid hydrolysis for 24, 48, and 72 h, in 
order to obtain an accurate determination of sterically 
hindered amino acids as well as sensitive amino acids 
These analyses indicated that the purified protein had 
the expected amino acid composition (Table 2, lane 5). 

Analytical RP-HPLC of the purified vpr performed 
on a C4 column showed a broad but single and 
symmetrical peak (Fig. 2). This profile was probably 
due to the formation of aggregates. 

Urea-SDS gel electrophoresis was performed in con- 
ditions allowing an optimal resolution of peptides of 
molecular weight less than 10000. In spite of the 
strong-dissociating conditions used, two major sharp 
bands were observed; the first one had an apparent 
molecular weight of 8 500, while the second band 
corresponded to the dimer (Fig. 3). When using 
stronger reductive conditions (PBu 3 instead of mer- 
captoethanol in the sampling buffer), it was possible to 
obtain the monomer only (data not shown). 

Detection of vpr-specific antibodies 
Sera from 23 HIV infected seropositive individuals 
were tested: 13 sera were from asymptomatic seroposi- 
tive individuals (CDC stage II) and 10 from AIDS 
patients (CDC stage IV). Using a solid phase radioim- 
munoassay, antibodies to vpr were detected in 26% of 
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vpr 


nef 


p24 


Healthy controls 
(40 sera) 


0% 


0% 


0% 


CDC Stage Tl 
(13 sera) 


23% 


61% 


84% 


CDC Stage IV 
(10 sera) 


30% 


30% 


40% 



The antibody response was measured in a solid phase radioim- 
munoassay. CDC (Center for Disease Control) stage II: asympto- 
matic; stage IV: AIDS. 

the sera, namely 3 CDC stage II sera, and 3 (30%) 
from CDC stage IV sera; no antibody to vpr was 
detected in sera from 40 healthy controls. This fre- 
quency is in the reported range of the antibody preva- 
lence to other regulatory gene products (nef vif and 
tat\ that is, between 30 and 65% depending on the 
antigen (27, 28). Using the same assay and the same 
sera, the antibody response to vpr was compared to 
the antibody response to another regulatory gene 
product (nef the negative regulatory factor). As 
shown in Table 4, fewer sera reacted with vpr than 
with nef In contrast to the antibody response to nef 
which was, as the antibody response to the virion core 
(gag) protein />24, less frequent at the terminal stage of 
the disease, the response to vpr did not significantly 
differ in sera from asymptomatic individuals and from 
AIDS patients, suggesting an absence of correlation 
with disease progression. 

Sera from 8 HIV-seropositive individuals were 
further analyzed using the Western-blot technique. 
Four sera reacted with the electroblotted protein (Fig. 
4). Interestingly, although the monomeric form of vpr 
was predominant on the lanes, as shown after Coomas- 
sie blue or Amido black staining, antibodies preferen- 
tially recognized the dimeric form of vpr (Fig. 4B). 
This suggests that the dimeric form of vpr may corres- 
pond to the structure naturally exposed to the immune 
system during HIV-infection. 

The antibody response to vpr is currently being 
analyzed in a larger population of HIV-1 infected 
patients, including HIV-1 infected seronegative indi- 
viduals who present an antibody response to the nef 
regulatory gene product (3). The availability of large 
quantities of synthetic vpr will allow exploration of the 
T-cell response to this protein in HIV-infected 
patients and of its immunogenicity in animal models. 
Since a chemically synthesized HIV regulatory gene 
product (tat, 86 amino acids) has been shown to be 
taken up by cells, and to subsequently exert its trans- 
activator effect on the HIV promoter (29), vpr func- 
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FIGURE 4 

A: identification of antibodies to vpr by Western blot analysis in sera from four HIV-infected patients (lanes K 2, 3, 4). Molecular weight 
standards (lane 6) were as in Fig. 3. B: analysis with a video densitometer (Chromoscan 3 Joyce Loebl) of the lanes; a: vpr dimer, b: vpr 

monomer, amido black staining in the absence of any sera (lane 5); peroxidase staining after reaction with HIV positive sera: 

lane 1; lane 3; lane 4. Horizontal axis: scan length (25 mm). Vertical axis: reflectivity (589 nm filter). 



tion could be explored by testing the potential func- 
tional effect of synthetic vpr on infected and uninfect- 
ed cells of the immune system. 



CONCLUSION 

Although formation of exceptionally stable agregates, 
which may be related to the unusual hydrophobicity 
profile, precluded the complete purification of syn- 
thetic vpr by high performance chromatography 
techniques, the synthetic peptide corresponding to the 
entire vpr gene product of HIV should represent a 
valuable tool, exempt from any biologically significant 
contaminant, to investigate the immune response of 
HIV-infected patients. 
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Short Communication 



Serum Reactivity to HIV-1 Accessory Gene 
Products Distinguishes East African from West 
African HIV Strains as Infecting Agent 



TAAP GOUDSMIT, 1 JOHN T. DEKKER, 1 CHARLES A.B. BOUCHER, 1 LIA SMIT, 1 
ANTHONY DE RONDE, 1 CHRISTINE DEBOUCK, 2 and FRANCIS BARIN 3 



Sir, the accessory gene products of human immunodeficiency virus type 1 (HIV-1), nef, tat, rev, and 
vpr show 31-36% (34, 31, 36, and 35%, respectively) amino acid identity with the homologous gene 
products of HIV-2, but vpu is unique to HIV-1 1 * 2 and vpx to HIV-2. 3 - 4 All the HIV-1 accessory gene 
products are known to be antigenic in natural HIV-1 infection, although seronegativity may occur. 2 - 5 The 
highest frequency of reactivity in natural HIV-1 infection is observed for nef. 2 In a series of homosexual 
men, hemophiliacs, and intravenous drug abusers in Europe who had seroconverted to HIV-1 gag- and 
e/iv-encoded proteins expressed in a prokaryotic vector system, 89% had antibodies to nef} When subse- 
quently the antigenicity of two additional regulatory proteins, rev and tat, was examined in the group of 
homosexual men, rev-specific and mr-specific antibodies were found in 47% and 29% of the subjects, 
respectively. 6 A controversy has arisen about the existence of dual infections with HIV-1 and HIV-2, in 
West Africa in particular. Tedder and coworkers 7 demonstrated reaction of sera of HIV-2- infected patients 
with HIV-1 antigens using immunoblotting as the detection method. The reverse was also seen, although 
less frequently. Based on competitive EIAs specific for HIV-1 or HIV-2, they concluded that dual infection 
was not the cause of the extensive cross-reactivity, even to envelope glycoprotein antibodies. Similar 
observations were made by us using the radioimmunoprecipitation assay with metabolically labeled 
HIV-1- and HIV-2 -infected cells as antigen (Fig. 1). However, the difference in intensity of the bands 
corresponding to the HIV-1 envelope glycoproteins gp 160/ 120 and the HIV-2 envelope glycoproteins 
gpl40/110 often made the antibody preference clear. No. advantages or disadvantages were observed by 
using HIV-1 strains of African origin (RUT, lane c). To evaluate the role of antibody reactivity to the 
HIV-1 accessory gene products in type-specific HIV serology, proteins encoded for nef, tat, rev, vpr, and 
vpu were produced in Escherichia coli as galactokinase fusion products and used as antigen in an EIA. 8 In 
the first series RIP As were performed in parallel to the EIAs for the accessory gene products. Of the seven 
exclusively HIV-2 reactive sera, five lacked reactivity to the HIV-1 accessory gene products. Remarkably, 
the two sera that showed reactivity to the HIV-1 envelope on RIPA were the only ones reactive to HIV-1 
accessory gene products. These results suggest that viruses belonging to type 2 may be as diverse as viruses 
belonging to type 1, as has previously been suggested by Zagury and coworkers. 9 

'Human Retrovirus Laboratory, Academic Medical Center, Amsterdam, The Netherlands, 
department of Molecular Genetics, Smith Kline and French Laboratories, King of Prussia, PA. 
3 Laboratoire de Virologie, CHRU, Hopital Bretonneau, Tours Cedex, France. 
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FIG. 1. Reactivity of a serum from an HIV- 1 -infected homosexual man (1) and from an HIV-2- infected woman (2) 
with antigens present in uninfected B cells (lane a), HIV-1 strain HTLV-IIIB (lane b), HIV-1 strain RUT (lane c), 
HIV-1 strain SF33 (lane d), HIV-2 strain LAV-2 ROD (lane e), and HIV-2 strain CBL 20 (lane f) infected B cells by 
radioimmunoprecipitation assay. 



Subsequently, 24 sera of individuals originating from West Africa (Ivory Coast, Togo, Mali, Senegal, 
Guinea-Bissau, and Guinea), infected in West Africa, or partners and children of individuals of each of the 
former two categories were shown to react with a SIV peptide but not with an HIV-1 peptide previously 
shown to be discriminatory in a direct binding assay between HIV-1 and HIV-2. 10 Controls were 29 sera 
originating from an East African country (Tanzania) and shown to be reactive to HIV-1 antigens by a 
commercially available HIV-1 antibody assay using recombinant HIV-1 gag and env gene products as 
antigens (Abbott Labs, North Chicago, IL). Table 1 shows the frequency of reactivity to nef tat, rev, vpr, 
and vpu gene products of HIV-1 in these two sets of African sera. 

Nef bound European sera (89%) as well as East African sera (72%). 5 Tat- and rev-specific antibodies 
were seen more frequently in East Africans than in Europeans (83 versus 47% and 48 versus 29%, respec- 
tively). 6 No comparative data for vpr and vpu have been gathered as yet. 

Reactivity to vpr and vpu, however, in our series of East Africans was highly frequent (66 and 45%). 
The frequencies of antibodies specific for nef, tat, rev, vpr, and vpu in West African sera were significantly 
lower, reactivities to vpr and vpu being totally absent (Table 1). Of the 24 sera, 9 (38%) from West Africa 
had reactivity to HIV-1 accessory gene products relative to 27 of the 29 (93%) East African sera. 

In conclusion, reactivity to HIV accessory gene products may be useful in typing the infecting virus. 
Reactivity to the HIV-1 accessory gene products vpr and vpu indicates infection with an HIV type 1 strain. 
Reactivity to other accessory gene products may add to the identification of the infecting virus type but 
cannot be considered conclusive since cross-reactivity to HIV-1 accessory gene products of antibodies 
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1 Antibodies to HIV- 1 Accessory Gene Products in Sera of Individuals from East Africa or Sera of 
Table ' Individuals Infected by HIV Strains Originating from West Africa 



Serum origin 



Number 
tested 



West Africa 24 
East Africa 29 
Fisher exact test results 



nef 

6 (25%) 
21 (72%) 
p = 0.0007 



Serum reactivity to 



tat 

6 (25%) 
24 (83%) 
p = 0.00003 



rev 



2 (8%) 
14 (48%) 
p = 0.002 



vpr 

0 

19 (66%) 
p = 0.0000002 



vpu 

0 

13 (45%) 
p = 0.00008 



elicited by HIV-2 strains was documented. Antibodies to vpr and vpu were absent not only from all West 
African HIV-2 sera but also from 33 and 55%, respectively, of the East African HIV-1 sera, rendering 
impossible a distinction based solely on HIV-1 accessory gene product reactivity. The use of HIV-2 acces- 
sory gene products, especially vpx, may add to the discriminating power of the HIV-1 proteins described. 
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A synthetic protein corresponding to the entire vpr gene product 
from the human immunodeficiency virus HIV-1 is recognized by 

antibodies from HIV-infected patients 

H. GRAS-MASSE, J.C. AMEISEN*, C. ^^^i^^^^, VIAN *' J L NEYRINCK.*, H. DROBECQ, 
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The 95 amino acid-protein encoded by the non-structural vpr gene of the human immunodeficiency virus 
type 1(LAV-1BRU isolate) was chemically synthesized by solid phase methodology. The sythetic vpr protein 
was characterized by amino acid analysis, sequence analysis, RP-HPLC, and urea-SDS PAGE. Using a 
radioimmunoassay, antibodies to the synthetic protein were detected in sera of 25% of HIV 1 -seropositive 
patients tested. Western blot analysis suggested that the antibodies preferentially recognize the dimenc form 
of vpr. 

Key words: HIV-1; HIV-infected patients; peptide synthesis; serological reactivity; solid phase; vpr 



The human immunodeficiency virus 1 (HIV-1) is the 
etiologic agent of the acquired immunodeficiency syn- 
drome (AIDS). Beside the three genes {gag, pol, env) 
that encode the structural proteins, the HIV-1 pro- 
virus encodes six additional functional genes (tat, rev, 
nef, vif vpu f vpr). The non-structural proteins encoded 
by these six genes are absent from the virion but are 
expressed by the infected cell, and have an intricate 
regulatory role on the synthesis of infectious virions 
(1). Investigation of the precise function of these regu- 
latory proteins and of the immune response they elicit 
may help in understanding the mechanisms involved 
in the maintenance of silent phases of HIV infection 
that can precede seroconversion (2, 3), and in the 
evolution from the asymptomatic seropositive phase 
of the infection towards AIDS. 

The vpr gene product has been described and inves- 



Abbreviations: t-BOC, ferr.-butyloxycarbonyl; BrZ, bromobenzyl- 
oxycarbonyl; cHex, cyclohexyl; MeBzl, 4-methyl-benzyl; Tos, p- 
toluenesulfonyl; For, formyl; DNP, dinitrophenyl; DCC, dicy- 
clohexylcarbodiimide; HOBt, hydroxybenzotriazole; TFA, trifluo- 
roacetic acid; DMF, dimethylformamide; DCM, dichloromethane; 
DIEA, diisopropylethylamine; HF, hydrofluoric acid; DNP; PBu 3 , 
tributylphosphine; BSA, bovine serum albumin; SDS, sodium 
dodecyl sulfate. 



tigated in only one study (4), and is the only non-struc- 
tural protein whose function has remained unknown, 
although very recent preliminary data suggest that vpr 
might act as a transactivator (5). The vpr gene is highly 
conserved among different proviruses for which se- 
quence information is available (6-14), although, in 
one infectious isolate (10), the vpr gene contains a stop 
codon after only 54 bases. Several strains contain an 
18 or 19 amino acid C-terminal extension (11-14). 
This is the case for the LAV-1BRU sequence (11), 
which is the reference strain in Europe (Table 1). The 
hydrophilicity profile (15) of this sequence suggests 
that both the N- and C-terminal ends of the protein 
have a high probability of being major B cell epitopes 
(Fig. 1) implying that the whole structure might be of 
interest for immunological studies. 

Using an incomplete vpr recombinant protein from 
the BH10/HIV-1 sequence lacking 8 N- terminal and 2 
C-terminal amino acids and expressed in a fusion 
protein, Wong-Staal et al. (4) have detected antibodies 
to vpr in a third of sera from HIV-infected patients. 
Chemical synthesis of such a relatively small protein 
appeared as an attractive alternative to recombinant 
DNA technology, with regard to the possibility of 
obtaining the full length sequence, including the very 
N- and C-terminal amino acids that were absent in the 
fusion protein used by Wong-Staal et al (4), and 
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TABLE 1 

Alignment of the HIV- 1 vpr~gene protein sequences 

Clone Sequence 

BRU MEQAPEDQCP QREPHNEWTL ELLEELKNEA V R H F P R IWLH G L C Q H IYETY CDTWAGVEA I I RIL QOLLFI HFRICCRHSR ICVTOQRRAR -NCASRS 

MALA q s Ec Q I I R s 

WIV2 y RPsy Q I R s 

HATS Y S L s Q I I R 

BHIO E Q IT 

BH5 K QNWVST* 

PCV12 OCWVST' 

SXB2 ONWVST* 

uo ?v ONHVST' 

Z6 SHTMNGH* C V V " 2 7 * 



BRU(7>, ELI,' HAL (9), ARV2 <9), HAT 3 (10) , BHIO, BH5 (11), H9PV (12), HXB2 (13), PCV12 (14), Z6 (15). 

The different sequences were aligned with reference to BRU. Only the amino acids differing from this sequence were indicated. 



avoiding any contaminating protein from the bacterial 
host, which can lead to false positive serological results. 
Here we report the synthesis by solid phase methodol- 
ogy (16) of the entire 95-residue vpr protein derived 
from the LAV- 1 BRU isolate, with the purpose of 
providing sufficient material to enable extensive inves- 
tigation of the immune response to vpr in HIV-infect- 
ed patients, its immunogenicity in experimental 
models, and its possible biological function. 

MATERIALS AND METHODS 

Synthesis and purification vpr 

Chemical synthesis was performed using a fully auto- 
mated reprogrammed Applied Biosystems model 430 
A peptide synthesizer. tBOC-Na protected amino 
acids (Peptide Institute, Osaka) were sequentially 
coupled to the tBOC-OBzl-Ser-OCH 2 PAM-resin (17) 
(Applied Biosystems) (0.5mmol; loading of starting 
resin: 0.67 mmol per gram). Side chain protecting 
groups were: Asp (OcHex) (18), Glu (OcHex) (19), 
Ser(Bzl), Thr(Bzl), Arg(Tos), Tyr(BrZ), Cys(4- 
MeBzl), Trp(For), and His (DNP). Amino acids were 
coupled as symmetric anhydrides (20), except for Asn, 
Gin, Arg(Tos), and His(DNP), which were coupled 
according to the DCC/HOBt method (21). Systematic 
double-coupling (4 mmol amino acid per coupling) 
was performed, first coupling in DMF, and second 
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FIGURE I 

Hydrophilicity profile (15) of vpr gene product (LAV- 1 BRU se- 
quence). 
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coupling in DCM. Coupling times were 26 and 34min 
for the first and second coupling as symmetric anhy- 
dride, progressively increased to 32 and 40 min respec- 
tively, 41 min for the DCC/HOBt method, progres- 
sively increased to 47 min. The programming was 
' adapted to optimize vortexing during introduction of 
solvents and reactives. A part (25%) of the peptide 
resin, corresponding to peptide 46-95, was removed 
during the synthesis for further studies and to allow an 
adequate swelling of the residual resin. After assembly 
of the complete protected peptide chain, 3.9 g (67% 
yield) of peptide resin were obtained. The peptide 
resin (1 g) was treated three times with 15% mercap- 
toethanol- 2% DIEA in DMF for 60 min each time, in 
order to remove the DNP groups from the histidine 
residues. The tBOC group was removed with 50% 
TFA, and the resin was dried, cleaved and deprotected 
in a Teflon-Kel F-HF apparatus (ASTI, Courbevoie, 
France), in low-concentration of HF in dimethylsul- 
fide, in the presence of />-cresol and /Khiocresol 
(25:65:7.5:2.5) for 2h at 0°, followed by a high-HF 
procedure in HF, /?-cresol and thiocresol (90:7.5:2.5) 
for 1 h at 0° (22). The cleaved deprotected peptide was 
precipitated and washed with cold diethylether, and 
then dissolved in 5% acetic acid and lyophilized. The 
crude peptide (600 mg) was dissolved in neat TFA 
(30 mL) and was precipitated by pouring into dry 
ice-cooled diethylether (300 mL). After centrifugation, 
the precipitate was dissolved in water (20 mL), treated 
with 10 fiL PBu 3 (40/imol) (23) for 30 min and con- 
centrated to 10 mL by ultrafiltration. The solution was 
dialyzed against 0.1% O-octyl-D glucopyranoside 
(Aldrich) in water (50 mL), then against 1% acetic 
acid (400 mL), on a YM5 (Amicon, Danvers, USA) 
membrane, and lyophilized, to give 260 mg protein 
(acetate), corresponding to 218 mg protein without 
counterions, as determined by hydrolysis and quan- 
titative amino acid analysis (30% yield, based on 
starting tBOC-Ser(OBzl)-PAM resin). 

Hydrolysis of free peptides and peptide resins 
Dried samples of the peptide resin were hydrolyzed 
with 1 2 n HCl/propionic acid/phenol (5 : 5 : 1 ) for 2 h at 
140° (24). Hydrolysis of the free peptides were with 
6 n HCl/phenol (10: 1) at 1 10° for 24, 48, or 72 h in an 
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evacuated sealed tube. Amino acids were quantitated 
on a Beckman amino acid analyzer model 7300 with 
ninhydrin detection. 

Analytical high-pressure liquid chromatography 
Purified synthetic vpr protein (5 pg/Sph buffer A) was 
applied onto a Vydac C4 5p 300 A column 
(7.5 x 100 mm) in a Shimadzu system. Buffer A was 
0.05% TFA in water, buffer B was 0.042% TFA, 75% 
acetonitrile in water; flow rate was 0.2 mL/min. Detec- 
tion was by absorbance at 215 nm. 

Urea-SDS polyacrylamide gel electrophoresis 
Electrophoretic characterization of the synthetic vpr 
protein was according to Swank & Munkress (25) on 
12.5% polyacrylamide gel prepared with the acryla- 
mide/bis (acrylamide) ratio (10:1), and the inclusion 
of 8 m urea in the SDS containing gel buffer. The gel 
was run at 130 V, for about 10 h. Molecular weight 
markers (Pharmacia) were 17 200; 14 600; 8 240; 6 380; 
2 560. 

Amino-terminal sequence determination 
A sample of purified synthetic vpr protein was loaded 
onto a polybrene-treated glass fiber disk, and the 
Edman degradation was performed for 30 cycles in an 
Applied Biosystems protein sequencer equipped with 
an on-line model 120 A PTH analyzer. 

Detection of anti-vpr-antibodies 
Sera from 23 HIV- 1 infected patients and from 40 
healthy controls were investigated. Seropositivity 
(antibodies to the HIV-1 structural proteins gag, pol, 
and env) was determined by an enzyme-linked im- 
munosorbent assay (ELISA) (Elavia, Diagnostic 
Pasteur) and by Western blotting (Du Pont de 
Nemours). Patients were classified according to the 
CDC (Center for Disease Control, Atlanta) classifica- 
tion: stage II (asymptomatic), and stage IV (AIDS). 

Solid-phase radioimmunoassay ( RIA ) was performed 
as previously described (2). Briefly, Star tubes (Nunc, 
Denmark) were coated at room temperature with 
250 pL protein (2/zg) in 0.015 m carbonate-0.035M 
bicarbonate buffered at pH9.6. The proteins used as 
antigens were the chemically synthesized vpr, an E. 
coli recombinant nef protein, and an E. coli recom- 
binant p24 protein, purified to more than 97% and cor- 
responding to the complete coding sequences of the 
LAV-1BRU isolate (provided by Transgene SA, 
Strasbourg, France). The tubes were saturated by 
incubation with 3% bovine serum albumin (BSA) in 
phosphate buffer saline (PBS) for 2h at room tem- 
perature, washed twice in PBS, and then incubated 
overnight with human serum at a 1:50 dilution in 
PBS-0.3% BSA. After three washes in PBS, bound 
human antibodies were detected by overnight incuba- 
tion at room temperature with l25 I-radiolabelled 



murine monoclonal antibodies to human IgGl 
(Seward, UK) in PBS-0.3% BSA, followed by three 
washes in PBS containing 0.01% Tween, and bound 
radioactivity was counted in a gamma counter (LKB, 
Sweden). In each assay, 10 different sera from healthy 
individuals were used as controls. The increase in 
bound radioactivity observed in the presence of posi- 
tive sera (B x ) versus control sera (B c ) was calculated: 

A + % = [100 - (B o /B x )100] ± sem 

Sera were considered positive when superior to the 
cutoff (mean of control values + 3 sd). 

Western blot. After urea-SDS electrophoresis, the 
synthetic protein was electroblotted to a nitrocellulose 
filter. Strips were saturated with PBS-milk 5% during 
1 h at room temperature, then incubated with human 
serum at 1:100 dilution in PBS-milk 0.5% overnight 
at 4°. After 5 washes in PBS-Tween 0.3%, biotinylated 
polyclonal anti-human immunoglobulin antisera (Du 
Pont) were incubated at 1:150 dilution in PBS-milk 
0.5% for 2 h at 4°. After 5 washes in PBS-Tween 0.3%, 
strips were saturated with peroxidase-avidin (Du 
Pont) at 1:150 dilution in PBS-milk 0.5% and re- 
vealed with the enzyme substrate (4-chloro-naphthol, 
Kirkegaard & Penny Lab, Inc.). 

RESULTS AND DISCUSSION 

Synthesis 

The synthesis followed the stepwise solid-phase stra- 
tegy (16), with the acid-labile group /erf.-butyloxycar- 
bonyl (Boc) for temporary N* protection, using a 
"PAM"-resin (17), able to withstand the 95 deprotec- 
tion steps required for the synthesis. Cyclohexyl esters 
of terf.-butyloxycarbonyl aspartic (18) and glutamic 
acids (19) were used because they are more acid stable 
than corresponding benzyl esters, and minimize as- 
partimide and pyrrolidone carboxylic acid formation, 
respectively. Key to the high yield of our synthesis was 
the efficiency of coupling steps, using systematic 
double-coupling in two different solvents, and amino 
acids activated as the highly reactive symmetric anhy- 
drides (20), prepared automatically before each step, 
without delay between neutralization and coupling 
step: this precaution is particularly useful after the 
Gln-Gln sequences in positions 84-86 and 64-65, and 
avoids the occurrence of a significant chain termina- 
tion by cyclisation to pyroglutamic acid. At the end of 
the synthesis, the weight of the peptide resin corre- 
sponded to a global yield of 67%, or to an average 
yield of 99.6% per step. Progress in synthesis was 
followed by amino acid analysis of hydrolyzed 
samples of peptidyl-resin at several stages of chain- 
assembly. The distribution of residues made it possible 
to check the regular incorporation of the residues, 
considering Arg a marker for the C-terminal part of 



221 



H. Gras-Masse et al 



o 
H 



5 

8 

^3 

8- 

(3 



1 



V 



CO 

3 



O 

H 



c .*2 

- — s "to 
On >- 

rL, on 



u 
U 



.s « 

to (U 

P. 3 

(p\ '55 

* X 

vO O 



O 
(L> 

H 



S3 



O 



t _ 

NO O 



o 

.S « H 

? *s 

ON EZ 

I . 

CM ^ 
oo — 1 



Q 



— m oo «/"> vi O 

ON Tt — fN ON ON 

on <n ro «o o o 



oo — 'ooorsiomm 
q 0\ ^ n *o oo h <n 



3 



*n (N oo 
r- — - 

oo — < en 



oo 

r- .— 



Z ° 2 



mfnmONONt--»^ro(Moo»o(Nmu-i— 'On 



OO ON <N © — (N vo 0\ o <N oo «n — r~ 



(N m vo 



v-)rf(N — ' ^ r<i (N (N (N 



OO 



m m »o 
Tt oo o 

<n — — - vd 



io r- /->. 

O — ; On u 

vS ^ — z 



on «n w oo a 

r-^ On «o oq (-J 

(N — — Z 



od 



« (N (N — <N — O 



<N — <N 
O f- ^ On 

© ~ — i 



^ r- rr 
© On On 

~" — O 



Q. i- 



3 o ^ cu - a 



to « 



00 



222 



Synthetic vpr protein 



the molecule (8Arg residues out of 11 are present 
among the 35 C-terminal amino acids), and Glu/Gln 
as a marker for the TV-terminal part of the molecule (9 
residues out of 18 are present in the 26 TV-terminal 
amino acids). As shown in Table 2 lanes 1-4, the 
molar ratios of amino acids were close to the theoreti- 
cal values in each sample, indicating the absence of 
extensive chain termination during the synthesis. 
Between the two last samplings, we could use phenyl- 
alanine as an internal standard to calculate the yield of 
incorporation of Glu/Gln during the last 25 steps of 
the synthesis: whereas the number of phenylalanine 
remained constant between these two steps, 9 Glu or 
Gin were introduced during the synthesis. The actual 
increase in Glu/Gln relative to Phe was 7.14; this value 
corresponds to a global yield of 79%, or an average 
yield of 99.11% per step. This result was in good 
agreement with the yield calculated on the basis of the 
weight of the final peptide resin: the weight of the 
peptide resin at the end of the synthesis corresponds to 
a global yield of 67%, or an average yield of 99.6% 
per step. 

After coupling of the final amino acid residue, the 
DNP groups of the histidine residues were removed by 
thiolysis before deprotection and cleavage by the 
"low-high" HF procedure (22). Under these con- 
ditions, all the protecting groups were removed. Pre- 
liminary trials were performed to purify the product 
using HPLC (gel filtration in dissociating buffers con- 
taining 4 m guanidine HC1 on a Bio-Sil TSK-250 
column (Bio-Rad), hydrophobic interaction chro- 
matography on an (alkyl)aspartimide HIC column 
(Nest group) using 1.8 m ammonium sulfate-O.lM 
potassium phosphate pH7 as starting buffer, RP- 
HPLC on a Vydac C4 column in water-acetonitrile 
0.05% TFA, ionic exchange on a sulfoethyl asparti- 
mide SCX column (Nes group) using a buffer system 
0.2MNaCl/potassium phosphate 50mMpH3.5: in 
each case, formation test missing of aggregates during 
chromatography was observed. Since highly resolut- 
ing chromatographic techniques could not be used, we 
chose the simplest accessible method to purify the 
synthetic protein; the crude product was first preci- 
pitated in TFA/diethylether to remove most of the 
residual non- volatile hydrophobic scavengers and by- 
products. The peptide was then redissolved in water 
and, using a dialysis membrane with a 5 000 molecular 
weight cutoff, was concentrated by ultrafiltration in 
reductive conditions (tributylphosphine), and purified 
by dialysis first in the presence of 0.1% of a non-ionic 
dialyzable detergent (O-octyl-D-glucopyranoside), 
then extensively against acidified water. Since capping 
was not performed during synthesis, and since purifi- 
cation by dialysis was not likely to have removed 
deletion peptides differing from vpr by a single missing 
internal amino acid, sequence analysis could be con- 
sidered representative of the coupling efficiency during 
the last steps of chain elongation. The TV-terminal 



TABLE 3 

Quantitative sequence analysis of synthetic vpr 



Cycle 


Residue 


Cumulative 


Average 


No. 




preview (%) 


preview 
per step (%) 


1 


Gin 


0.22 


0.11 


2 


Ala 


0.4 


0.20 


3 


Pro 


1.5 


0.50 


5 


Asp 


2.0 


0.40 


10 


Arg 


5.7 


0.57 


13 


Thr 


7.6 


0.58 


14 


Asn 


9.8 


0.70 


17 


Thr 


10 


0.59 


25 


Lys 


12 


0.48 


28 


Ala 


19 


0.70 



The premature appearance (preview) of amino acids was calculated 
as the ratio of peak area of amino acids i at cycle i-1 to the sum of 
the peak area of amino acid z-7 at cycle i-1 and of the peak area of 
amino acid i at cycle All peak areas were corrected for back- 
ground. 



sequence of the purified peptide was determined by 30 
cycles of Edman degradation. The premature appear- 
ance ("preview") of amino acids during successive 
cycles of degradation is an indicator of the rate of 
deletions that occurred during synthesis. The cumula- 
tive level of preview was quantified from 28 sequenc- 
ing runs (Table 3). Taking into account the limits of 
precision due to the increasing background, a cumula- 
tive preview of 19% was calculated, corresponding to 
an average preview of 0.6% per step. 

Considering this 0.6% deletion ratio as a mean 
value for 94 steps, we estimated that 56% of the chains 
had the target sequence, while 32% of the final 
product consisted of a mixture of closely related pep- 
tides with a single amino-acid deletion (26). 
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FIGURE 2 

Analytical RP-HPLC. Purified synthetic vpr (5 //g/5 fih buffer A) 
was applied onto a Vydac C4 5p 300 A column (7.5 x 100 mm). 
Buffer A was 0.5% TFA in water, buffer B was 0.5% TFA-75% 
acetonitrile in water; flow rate was 0.2mL/mn. Detection was by 
absorbance at 215 nm, 0.64 AUFS. 
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17 200 - 



14 600 
8 240 
6 380 



2 560 




TABLE 4 

Prevalence of the antibody response to the regulatory gene products 
vpr and nef and to the virion core protein p24 in HIV I -infected 

seropositive patients 



FIGURE 3 

Urea-SDS gel electrophoresis on a 12.5% polyacrylamide gel con- 
taining 8 M urea (acrylamide/bis-acrylamide ratio: 10/ 1). Molecular 
weight markers (Pharmacia) are shown on the left lane for com- 
parison and were: 17 200; 14 600; 8 240; 6380; 2 560. 



Chemical characterization of vpr 

Amino acid analysis of the purified protein was per- 
formed after acid hydrolysis for 24, 48, and 72 h, in 
order to obtain an accurate determination of sterically 
hindered amino acids as well as sensitive amino acids. 
These analyses indicated that the purified protein had 
the expected amino acid composition (Table 2, lane 5). 

Analytical RP-HPLC of the purified vpr performed 
on a C4 column showed a broad but single and 
symmetrical peak (Fig. 2). This profile was probably 
due to the formation of aggregates. 

Urea-SDS gel electrophoresis was performed in con- 
ditions allowing an optimal resolution of peptides of 
molecular weight less than 10000. In spite of the 
strong-dissociating conditions used, two major sharp 
bands were observed; the first one had an apparent 
molecular weight of 8 500, while the second band 
corresponded to the dimer (Fig. 3). When using 
stronger reductive conditions (PBu 3 instead of mer- 
captoethanol in the sampling buffer), it was possible to 
obtain the monomer only (data not shown). 

Detection of \pv-specific antibodies 
Sera from 23 HIV infected seropositive individuals 
were tested: 13 sera were from asymptomatic seroposi- 
tive individuals (CDC stage II) and 10 from AIDS 
patients (CDC stage IV). Using a solid phase radioim- 
munoassay, antibodies to vpr were detected in 26% of 
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vpr 


nef 


p24 


Healthy controls 
(40 sera) 


0% 


0% 


0% 


CDC Stage II 
(13 sera) 


23% 


61% ' 


84% 


CDC Stage IV 
(10 sera) 


30% 


30% 


40% 



The antibody response was measured in a solid phase radioim- 
munoassay. CDC (Center for Disease Control) stage II: asympto- 
matic; stage IV: AIDS. 

the sera, namely 3 CDC stage II sera, and 3 (30%) 
from CDC stage IV sera; no antibody to vpr was 
detected in sera from 40 healthy controls. This fre- 
quency is in the reported range of the antibody preva- 
lence to other regulatory gene products {nef vif and 
tat), that is, between 30 and 65% depending on the 
antigen (27, 28). Using the same assay and the same 
sera, the antibody response to vpr was compared to 
the antibody response to another regulatory gene 
product {nef the negative regulatory factor). As 
shown in Table 4, fewer sera reacted with vpr than 
with nef In contrast to the antibody response to nef 
which was, as the antibody response to the virion core 
(gag) protein p24, less frequent at the terminal stage of 
the disease, the response to vpr did not significantly 
differ in sera from asymptomatic individuals and from 
AIDS patients, suggesting an absence of correlation 
with disease progression. 

Sera from 8 HIV-seropositive individuals were 
further analyzed using the Western-blot technique. 
Four sera reacted with the electroblotted protein (Fig. 
4). Interestingly, although the monomeric form of vpr 
was predominant on the lanes, as shown after Coomas- 
sie blue or Amido black staining, antibodies preferen- 
tially recognized the dimeric form of vpr (Fig. 4B). 
This suggests that the dimeric form of vpr may corres- 
pond to the structure naturally exposed to the immune 
system during HIV-infection. 

The antibody response to vpr is currently being 
analyzed in a larger population of HIV-1 infected 
patients, including HIV-1 infected seronegative indi- 
viduals who present an antibody response to the nef 
regulatory gene product (3). The availability of large 
quantities of synthetic vpr will allow exploration of the 
T-cell response to this protein in HIV-infected 
patients and of its immunogenicity in animal models. 
Since a chemically synthesized HIV regulatory gene 
product {tat, 86 amino acids) has been shown to be 
taken up by cells, and to subsequently exert its trans- 
activator effect on the HIV promoter (29), vpr func- 
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FIGURE 4 

A: identification of antibodies to vpr by Western blot analysis in sera from four HIV-infected patients (lanes 1, 2, 3, 4). Molecular weight 
standards (lane 6) were as in Fig. 3. B: analysis with a video densitometer (Chromoscan 3 Joyce Loebl) of the lanes; a: vpr dimer, b: vpr 

monomer; amido black staining in the absence of any sera (lane 5); peroxidase staining after reaction with HIV positive sera: 

lane lane 3; lane 4. Horizontal axis: scan length (25mm). Vertical axis: reflectivity (589 nm filter). 



tion could be explored by testing the potential func- 
tional effect of synthetic vpr on infected and uninfect- 
ed cells of the immune system. 



CONCLUSION 

Although formation of exceptionally stable agregates, 
which may be related to the unusual hydrophobicity 
profile, precluded the complete purification of syn- 
thetic vpr by high performance chromatography 
techniques, the synthetic peptide corresponding to the 
entire vpr gene product of HIV should represent a 
valuable tool, exempt from any biologically significant 
contaminant, to investigate the immune response of 
HIV-infected patients. 
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Summary 



Pan I of this article reviewed the targets against which anti-HlV drugs can be directed, .pro&| 
lems in assessing active compounds (e.g. resistance development and use of surrogate enc-poims);| 
and aucleoside analogues effective against HIV reverse transcriptase. ^ j 

Intensive research is currently being undertaken in laboratories and hospitals to design an4| 
evaluate new inhibitors of HIV. In this work, combining diiTerent drugs is one important apjf 
proach, both to decrease toxicity and to offset the rate of resistance development, which seems; 
to be a major problem associated with therapy directed against the ever-changing HiV. | 

Therapeutic vaccines and immunomodulatory are other modalities being actively evaluated! 
against HIV and AIDS, although this effort has not yet yielded any licensed treatment. | 

h appears likely that new antiviral drugs and immunotherapies wit; be forthcoming durlng-l 
the next 5 years, that they will be used in a variety of combinations, and that the treatment^ 
options available for opportunistic infections will increase. These developments should improved 
the survival and the quality of life of patients with HIV infection. 
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6. Non-Nucleoside Reverse Transcriptase 
Inhibitors in Clinical Evaluation 

Several very selective, non-nucleoside, direct in- 
hibitors of HIV-1 reverse transcriptase have been 
identified. These compounds have not been inhib- 
itory to HIV-2 reverse transcriptase or other viral 
or cellular polymerases. Despite large differences 
in chemical structures, these compounds seem to 
bind at the same or at closely related sites on the 
enzyme. This similarity in action is also seen as a 
crosswise resistance between these compounds. This 
is their main weakness, and considerable efforts to 
overcome this problem are being made. The first 
reported compound of this type is TIBO [tetra- 
hydro-imidazo- {4,5, 1 -jfc)-( 1 ,4)-benzodiazepin-2- 
(I,H)-one] and the structures of these compounds 
have been benzodiazepines, a-anilinophenyls, pyr- 
idones and piperazines. 



6.1 TIBO and Thione Derivatives 

The prototype TIBO compound R- 14458 was 
found by Pauwels et al. (1990), and several com- 
pounds with improved activity were made. The first 
TIBO compound to be tested in patients was R- 
82913 (9-chloro-TIBO) [fig. 4]. 

The mechanism of action of TI30 compounds 
was found to be noncompetitive inhibition with 
respect to deoxynucleoside triphosphates, and an 



uncompetitive inhibition with respect to primer/l 
template of HIV-1 reverse transcriptase (DebyserJ 
etal. 1991). 1 

In cell cultures, R-8291 3 inhibited HIV- 1 by 50%| 
at 1.5 nmol/L to 0.65 fimol/U depending on th£ 
virus isolate and assay method {Pauwels et al. 1990;|| 
White et al. 1991). HIV-2 was not inhibited at 310 ? | 
jumol/L, and cellular toxicity was low at 31 to >S70f 
^moi/L. These compounds showed a very high se-| 
lectivity against HIV-1. .'A 

Pharmacokinetic studies with R r 829i3 in 
patients showed that the oral absorption was iow,| 
but nevertheless sufficient to achieve inhibitory:! 
plasma concentrations; ti/ 2 was 3 days (De Wit et| 
al 1991). A peak plasma concentration of approx-| 
imately 65 nmol/L occurred after a 200mg oral ^^jjj 
(Am Far 1992). 

A phase I study in 22 patients with AIDS was| 
performed using intravenous infusions of R-8291 3 | 
(Pialoux et al. 1991). The dosage was escalated from^ 
10 to 120 or 300 mg/day. Apart from a transient |^ 
decrease in p24 levels, no clear antiviral effect was | 
found and there was very rapid development °f 
resistance (AmFar 1992). R-82913 was well toler-|j| 
ated and no severe adverse effects were reported 

6.2 a-Anilinophenylacetamide Derivatives 



Little has been reported so far on this series of | 
non-nucieoside reverse transcriptase inhibitors, but. 
they are active against HIV4 in the >ig/L concen^| 
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) nation range in cell cultures, with a mechanism of 
action similar to that of TIBO. 

A few of the a-anilinophenylacetarnide com- 

To°:^ ? d f* n ^-^fc-Doands have been evaluated for oral absorption in 

drugs is one important aiv J«K vP , . . , . c . , £ , 

-fcealtny male volunteers. Eight hours after oral 

administration of lQOmg of the lead compound R- 
1SS93, the plasma concentration was. equal to the 
IC50 in cell culture (i.e. 11 Vg/L). R-89439 at the 
same dosage and time gave a plasma concentration 
30 times the ICso (1.7 Mg/L), and has been selected 
for further clinical evaluation. 

The presently available clinical data have been 
reported for R- 18893. At oral dosages of 200 to 
lOOOmg 3 times daily for 3 months, no antiviral 
effects were reported, and some side effects oc- 
curred (Colebunders et al. 1 992; De Brabander et 
al. 1992; De Cree et al 1992). However, plasma 
concentrations may have been too low because of 
poor absorption, and resistance is likely to develop 
rapidly, it remains to be seen if this can be over- 
come with the improved compound R-89439. 
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man et a3. 1991, 1992). L-697661 [3-([(4,7-di- 
chioro- 1 ,3-benzoxazol-9-yI)methyl]amino)-5-ethyl- 
6-methylpyridin-2(3H>-one] (fig. 4) is a noncom- 
petitive reverse transcriptase inhibitor with respect 
to deoxyguanine triphosphate (dGTP) and with re- 
spect to poly-rQoligo-dG template primer. Phos- 
phonoformate has tieen shown to be able to dis- 
place radiolabeled L-697639 (a compound simiiar 
to L-697661) from reverse transcriptase (Goldman 
et al. 1991), but it is not clear if the binding sites 
overlap or interact allosterically. The IC50 of L- 
697661 against HIV-1 in cell culture was 0.012 to 
0.2 ,urnol/L depending on virus and cell, and zi- 
dovudine-resistant virus was found to be sensitive. 
A synergistic effect of pyridone derivatives and 
either zidovudine or didanosine against HIV-1 has 
been seen in cell cultures. 

HIV-1 selected for resistance to L-697639 had 
mutations at amino acid 103 (Lys to Asn) and 181 
(Tyr to Cys) in reverse transcriptase, and was also 
cross-resistant to TIBO and hevirapine, but sen- 
sitive to zidovudine and didanosine (Nunberg et 
al. 1991). 

Clinical evaluation of L-697661 in patients with 
HIV infection and/or AIDS has shown a dose-de- 
pendent decrease in p24 levels after i week of 
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treatment with 25 to 500mg orally twice daily, but 
this effect was lost after 6 weeks coincident with 
the appearance of resistant virus (Kappes et al. 
1992; Saag et al. 1992), This finding resulted in 
termination of the trials with monotherapy, but 
combination studies continue. The treatment was 
well tolerated but some increases in transaminases 
were noted A peak plasma concentration of 2.56 
jumol/L was observed after a 200mg oral dose 
(Davey et al. 1991). 

6.4 Bis (Heteroaryi) Piperazines 

Bis (heteroaryi) piperazines (BHAP com- 
pounds) {fig. 4] are specific HIV-1 reverse tran- 
scriptase inhibitors with a similar spectrum of ac- 
tivity as other non-nucieoside reverse transcriptase 
inhibitors. They were first reported by Romero et 
al. (1991) and were found to inhibit HIV-1 repli- 
cation with nearly the same potency as zidovudine, 
and to have low cellular toxicity. Zidovudine- 
resistant HIV-i was sensitive to BHAP but HIV- 
2 was not. 

Poppe et al, (1992) demonstrated that resistance 
to BHAP compounds develops rapidly in ceil cul- 
ture. The mutation(s) responsible appear to differ 
from those causing resistance to other non-nucleo- 
side reverse transcriptase inhibitors. Recombinant 
HIV-1 reverse transcriptase carrying mutations at 
181 (Tyr to Cys) is less resistant to BHAP than to 
TIBO, and mutations at 228 (Leu to Phe) and 236 
(Pro to Leu) caused resistance to BHAP but were 
sensitive to nevirapine and partly sensitive to 
L697661. 

In 3 of 8 SCIDhu mice, BHAP prevented HI V- 
1 infection at a dosage of 200 mg/kg given as 2 
daily oral doses. Pharmacokinetic studies in rats 
and mice indicate a good oral uptake and penetra- 
tion into the CNS (Anstadt et al. 1991; Romero et 
al. 1991). 

Clinical evaluation of one BHAP compound, 
U87201E, showed nonlinear pharmacokinetics after 
oral administration of 200, 400 and 600mg every 
6 hours in healthy male volunteers. Serum con- 
centrations above 30 fixnol/L after administration 
of 400mg every 6 hours for S days caused increased 



bilirubin levels (Cox et al. 1992). U8720 IE 200mg 
every 6 hours was generally well tolerated after 2 
weeks, with some elevated liver enzyme changes 
in women but not in men (Batts et al. 1992). 

Efficacy data from clinical trials or clinical de^ 
velopment of resistance (which is expected to oc- 
cur rapidly) have not yet been reported. 

6.5 Nevirapine 

Nevirapine (fig. 4) was first described by Mer- 
luzzi et al. (1990) as a selective inhibitor of HIV- 
1 reverse transcriptase. It is a noncompetitive in- 
hibitor with respect to dGTP. At concentrations of 
about 0.04 jimol/L nevirapine inhibits HIV-1 in 
cell cultures, and is toxic to cells at 321 ^mol/L. 
Both from photoaffinity work (Cohen et al. 1991; 
Wu et al. 1991) and from the development of re- 
sistant mutants in cell cultures (Grob et al. 1992; 
Richman et al. 1991), it is clear that nevirapine 
interacts with Tyr 181 and Tyr 188 in the HIV-i 
'-* reverse transcriptase. 

*v Nevirapine is synergistic with zidovudine, ac- 
tive against zidovudine-resistant HIV-1, and in- 
active against HIV-1 resistant to TIBO or L-693593 
(Nunberg et al. 1 99 1 ; Richman 1992). Its mech- 
anism of action is thus similar to thai of TIBO and 
other non-nucieoside Inhibitors selective for HIV- 
1 reverse transcriptase. 

Clinical evaluation of nevirapine alone and in 
combination with zidovudine has shown a dose- 
related reduction in p24 antigenaemia with dosages 
of 12.5 to 400mg orally 8-hourly (Cheesernan 1992). 
However, reduction in p24 levels was 
tained and dose-limiting rashes occurred in some 
patients at 400mg. In an escalated schedule, 600mg 
seemed to give a sustained reduction in p24 levels 
for a few months (Cheeseman 1992). This might 
be the first indication of treatment efficacy, despite 
resistance development which was rapid both with 
nevirapine alone and in combination with zidov- 
udine (Richman 1992). 

7. Protease Inhibitors 

HIV protease has been intensively studied as a 
target for new anti-HIV drugs, but clinical data on 
efficacy are not yet available. It is a small dimeric 
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aspanic protease required for the specific cleavage 
of HIV poiyprotein precursors both in virus par- 
ticles during their maturation and in the infected 
ceil (Debouck 1992; Huff 1991). 

Very potent and selective in vitro inhibitors have 
been made, and their interactions with the protease 
studied by x-ray crystallography. Two hurdles were 
initially recognised with most inhibitors, namely 
low oral absorption and a short plasma ty 2 . These 
may now have been overcome, but a third possible 
problem is resistance development which has just 
begun to be reported, and its impact can not yet 
be fully assessed. Only a few compounds have 
reached clinical trials but many more are coming 
through. Most compounds are transition state 
mimics (fig. 5) of the normal substrates cleaved by 
HIV protease. 

A phase i study of oral Ro-318959 at a dosage 
range of 25 to i 800mg 3 times daily in healthy sub- 



jects indicated that at 1800 mg/day oral bioavail- 
ability was 4% and the mean t*/ 2 12 hours. Phase 
If 11 dose-fmding trials in HIV-infected patients us- 
ing oral Ro-318959 at 25 to 600mg 3 times daiiy 
and also in combination with zidovudine are 
under way. 

A-8G987, which is structurally similar to 
A-74704, has been reported to have an oral avail- 
ability of 13 to 25% in animals and a terminal t^ 
of L5 to 2 hours, and activity against HIV in cell 
cultures at 0. 1 3 jimol/L (Norbeck et al. 1 992). This 
compound was active against zidovudme-resistant 
HIV-1 and against HIV-2. 

Clinical results for protease inhibitors are 
awaited with great interest and expected during 
1993. 

8. Other Inhibitors 

Several other inhibitors are in various stages of 
development but at present it is too early to iden- 
tify any very promising compounds. Only a few 
will be mentioned here. 

8.1 Giycosylauon inhibitors 

This type of inhibitor has been reviewed by Rat- 
ner (1992). Several HIV proteins are heavily gly- 
cosylated, but the enzymes performing this are cell- 
ular and thus this function is likely to give toxicity 
problems. A-Butyi-deoxynojirimycin is currently 
in clinical trials. Diarrhoea has been seen but ef- 
ficacy evaluation has not been reported. 

Synergy with zidovudine, didanosine and zal- 
citabine has been observed with Af-butyi-deoxy- 
nojirimycin and castariospermine, another inhibi- 
tor of glycosylation. 

8.2 CD4 

The CD4 glycoprotein serving as a receptor for 
HIV binding to T cells and monocytes has been 
evaluated as a potential drug against HIV infection 
and AIDS. Recombinant soluble CD4 (sCD4) lack- 
ing the CD4 transmembrane portion, CD4 coupled 
to immunoglobulin G, and CD4 coupled to toxins 
have also been made. 
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At almost the same time, several groups showed 
promising effects of sCD4 on HIV infection in cell 
cultures (Deen et aL 1988; Fischer et al. 1988; Hus- 
sey et al. 1988; Smith et al. 1987; Traunccker et al. 
1988). However, in contrast to laboratory strains 
of HIV, primary HIV-1 isolates in high cell dens- 
ities were less sensitive and high concentrations of 
sCDA were required for neutralisation (Daar et ai. 
1 990; Layne et al 1 99 1 ), making it difficult to reach 
dose levels necessary for therapeutic effects in 
patients. 

A short Vfy of sCD4 after subcutaneous admin- 
istration (Kahn et al. 1990) has led to attempts to 
make recombinant human CD4-immunoglobulin 
G (rCD4-IgG). This conjugate has a prolonged in 
vivo terminal t^ of about 2 days after intravenous 
administration (Hodges et al. 1991). 

In clinical trials sCD4 (Kahn et al 1990; 
Schooley et al. 1988, 1990) and rCD4-IgG (Hodges 
et al. 1991) have not given convincing results in 
patients with AIDS or ARC. Nevertheless, the 
treatments were well tolerated and the possibility 
of using rCD4-IgG in HIV-positive women during 
the last trimester of pregnancy is being studied in 
an attempt to prevent infection of newborns. Ear- 
lier Studies in chimpanzees showed that intraven- 
ous administration of rCD4-IgG 5 mg/kg 8 hours 
and 1 hour before virus inoculation with cell-free 
virus protected the animals from infection (Ward 
et al. 1991). 

The possible future clinical use of sCD4, rCD- 
IgG or CD4 coupled to toxins is uncertain. 

8.3 Ami sense RNA 

Regulation of gene expression by antisense RNA 
(antimessenger RNA) occurs in eucaryotes (Gor- 
don et ai. 1988) and, in principle, an antisense RNA 
couid regulate expression of any gene. HIV has been 
shown to be inhibited in cell cultures by endoge- 
nously synthesised antisense RNA (Rhodes & 
James 1990). Many types of antisense RNA with 
improved stability directed against conserved se- 
quences have been synthesised. Such compounds 
can inhibit HIV replication when added to infected 
cells as first shown by Zamecnik et aL (1986). As 



tools to understand molecular events in cells, the 
synthetic antimessengers are of great interest but 
for clinical use against HIV or other diseases sev- 
eral hurdles such as cost of synthesis, pharmaco- 
kinetic problems (oral administration) and potency 
have to be overcome. Alternatives such as using 
viral vectors or ribozyme attached to the antisense 
RNA are still laboratory tools. 

8.4 Inhibitors of Regulatory Proteins 

There are several HIV regulatory proteins which 
may be used as targets (Rosen 1992), but Tat and 
Rev have been considered most attractive. 

A Tat inhibitor, Ro-53335, has been described 
by Hsu et al. (1991). This compound is active 
against both HIV-1 and 2 in cell cultures at con- 
centrations of 0.1 to 1 Aimol/L and is also active 
against zidovudine-resistant virus. The rate of re- 
sistance development has not been reported, 

Ro-53335 is in phase I/1I clinical trials but re- 
sults have not been published yet. 

8.5 Hypericin 

This compound was originally derived from the 
herb Hypericum triquetrifolium but has also been 
synthesised. The mechanism of action is not clear. 
A phase I dose-escalating trial has shown dose-lim- 
iting photosensitivity at intravenous doses of Q.Smg, 
elevated liver enzymes and a \% of about 24 hours. 
The potential use of hypericin cannot be predicted 
today. 

9. Immunomodulators 

9.1 Inosine Pranobex 

Inosine pranobex (isoprinosine). which nonspe- 
cifically enhances the mitogenic effect of various 
stimuli in vitro, has previously been reviewed 
(Sandstrom 1 989). Two larger studies to evaluate 
efficacy have been performed, one in Denmark and 
Sweden and the other in England and the US. The 
results from the former showed a significant re- 
duction in progression to AIDS among the recip- 
ients of inosine pranobex compared with placebo 
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. cipients during the 6-month double-blind phase (2 
of 412 vs 17 of 420) [Pedersen et al. 1990]. This 
difference was still significant and sustained in the 
1-year foiiow-up on an intention-to-treat basis (10 
of 412 vs 27 of 420), when many placebo recipients 
were switched to inosine pranobex (Thorsen et al. 
1992). There was, however, no effect on p24 an- 
tigecaemia in this study (Teglbjaerg et al. 1992). 
The resuits of the latter clinical study have not yet 
been published, but an initial analysis did not show 
any difference between the placebo and inosine 
pianobex arms. The reasons for this discrepancy 
have not been resolved. 

9.2 Ditiocarb Sodium 

Early studies indicated that there could be some 
benefit of ditiocarb sodium (imuthiol, diethyldi- 
ihiocarbamate) in patients with HIV disease, and 
indeed a meta-analysis was prompted. One pla- 
cebo-controlled study of ditiocarb sodium in 389 
symptomatic HIV-infected patients (± zidovu- 
dine) demonstrated a significant reduction in new 
opportunistic infections over a 24- week period 
(Hersch et al. 1991). A subsequent, as yet unpub- 
lished, large double-blind trial in asymptomatic 
patients that was terminated more than a year ago 
did not show any positive effect of ditiocarb 
sodium. 

10* Active Immunisation 

There is an urgent need to develop alternative 
therapeutic interventions in HIV disease. Antiviral 
drugs such as zidovudine, didanosine or zalcita- 
bine seem to be limited in that individuals with 
certain viral phenotypes may not respond at all and 
others may develop clinical or viral resistance 
within 0.5 to 2 years of therapy. Other approaches 
are needed for a more sustained effect alone or in 
combination with these drugs (Salk 1 987). 

HIV infection usually progresses over a pro- 
longed period. The long time from infection to the 
development of complications and the slow de- 
cline of the immune system as indicated by the 



CD4+ count can be due io properties of HIV or 
the host response to the infection. 

A number of observations indicate that the im- 
mune response plays a major role in controlling 
HIV infection, even though it is not successful in 
clearing the body of the virus and ultimately is de- 
feated by the virus: (a) primary amigenaemia is 
cleared as antibodies develop in the acute stage of 
the disease; (b) both humoral and cell-mediated 
HIV-specific immunity are elicited; (c) there is an 
increased viral load as the immune system breaks 
down; (d) there is a rapid antigenic drift with se- 
lection of variants that differ from the original iso- 
lates, indicating some selective pressure; (c) there 
is selection of isolates that are resistant to neu- 
tralising antibodies directed against the V3 loop on 
the envelope protein; (f) active or passive immur 
nisation has hindered infection by HIV-1 in chim- 
panzees; (g) chimpanzees experimentally infected 
with HIV develop a strong T cell response and do 
not progress to clinical disease. 

The potential dangers of hyperimmunisation 
have so far not been borne out in studies of post- 
infection immunisation. The following cautions 
must however be bome in mind. 

Increased immunological stimulation might acr 
tivate HIV in general In addition, those immune 
cells that are essential for control of HIV may be 
stimulated and make these cells susceptible to in- 
fection and destruction. In chimpanzees, a short 
burst of viral replication has been seen during the 
first week after immunisation. 

Preliminary' data from a trial with baculovirus 
produced by rgp!60 failed to demonstrate any 
benefit in terms of reduced viral replication by zi- 
dovudine treatment in conjunction with immuni- 
sation (Bratt et al 1992). However, a reduction in 
plasma viral RNA has been observed in several 
patients immunised with baculo virus-produced 
rgp!60 after more than 1 year of therapy (Redfield, 
personal communication). 

The rgp!60 immunogen might attach to non- 
infected cells and mark them for destruction. This 
process could conceivably also induce autoim- 
mune phenomena. The immunogen is however 
present locally in a complex with the adjuvant. So 
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far no evidence for these mechanisms has been 
documented. 

Since iow levels of antibodies that are neutral- 
ising in high concentrations might have an en- 
hancing effect on HIV infectivity in vitro, there is 
a concern that a similar phenomenon operates 
in vivo. 

A given vaccine might be inappropriate for im- 
munisation of individuals infected by different 
strains. The most extensive experience today exists 
with baculovirus-produced rgpI60 (Blick et al. 1992; 
Bratt et al. 1992; Redfield et al. 1991; Tsoukas et 
al. 1992; Valentine et al. 1992). This immunogen 
is derived from HIV-1 strain LAV/IIIB and is not 
'typical* of the populations in the US, Europe or 
Africa. It might thus be argued that it is inappro- 
priate for use in areas where the V3 loop of the 
immunogen does not correspond to that of the 
dominating strain populations, since the V3 loop 
appears to harbour the major epitopes for neu- 
tralising antibodies. On the other hand, it has been 
shown that the virus populations present at later 
times differ from the infecting isolates in their sen- 
sitivities to the initial neutralising anti-V3 anti- 
bodies. Furthermore, after immunising with strain 
MB, increased litres and affinities have been noted 
10 heterologous viral strains, indicating anamnestic 
responses. Lastly, it might be desirable to hyper- 
immunise individuals to antigenic determinants 
that are normally nonimmunogenic, but play a role 
in controlling infection. 

The baculovirus product differs from the na- 
turally glucosyiated product in that it is rich in 
mannose and lacks other sugar moieties. Other 
vaccine candidates, rgp!20 and rpg!60, are pro- 
duced with vaccinia constructs in mammalian ceils 
using IIIB or MN-like sequences (Birx et al. 1992). 
Sequences similar to isolate MN are much more 
prevalent than IIIB-like sequences in patients from 
North America and Western Europe. Placebo con- 
trolled double-blind trials are planned with these 
products as immunotherapy. 

Envelope-depleted whole vaccines have been 
tried, and a correlation with specific delayed-type 
hypersensitivity and disease progression observed. 



A double-blind trial has just been terminated, but 
is not yet analysed (Turner et al. 1992). 

The optimal vaccine dose has not been deter- 
mined, even in terms of cell-mediated and hu- 
moral immunity (Birx et al. 1992; Redfield et a!. 
1991). It has nevertheless been found that 6 injec- 
tions yieid better antibody responses than 3, and 
that 160Mg gives a better response than lower doses. 
However, it is not proven that the criteria for im- 
munological response correlate with clinical effi- 
cacy. 

Preliminary results from the 3 phase I trials in 
infected patients currently underway in the US, 
Canada and Sweden with baculovirus-produced 
rgpl60 have not demonstrated any serious adverse 
effects. All studies have so far demonstrated a sta- 
bilisation or increase in CD4+ levels with 1 to 3 
years of follow-up. 

The decay of the immune response to immu- 
nisation with rgpl60 is not well known but has been 
estimated to be in the order of 2 to 6 months. This 
has led to the practice of reimmunising patients 
every 2 to 4 months. It is claimed that little de- 
crease in CD4+ counts is seen with this schedule 
(Redfield, persona! communication). It is, how- 
ever, unknown whether long term boosting is nec- 
essary to maintain the CD4+ levels or if this con- 
stant stimulation may have long term hazardous 
effects. 

1L Passive Immunotherapy 

Initial positive results in limited numbers of 
patients have been reviewed previously (Sand- 
strom 1989). Although little new information has 
emerged, interest has been rekindled by the ability 
to produce human or chimeric antibodies with syn- 
ergistic properties against the V3 loop and CD4 
binding site on gpi20 (Pinter et al. 1992; Zoll3- 
Pazner et al. 1 992). With the surge of vaccine stud- 
ies, there will soon be well-characterised immu- 
noglobulin preparations available from uninfected 
vaccinated individuals available for clinical trials. 
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12. Conclusions 



Early introduction of zidovudine is clearly of 
benefit for a subgroup of patients. There is still 
doubt whether these observations extend to ail 
patients, or whether there is a subgroup of patients 
with stable CD4+ counts and CD4+ function in 
whom antiretroviral therapy should be postponed. 

It has been shown that progression to severe HIV 
disease is reduced by approximately 50% whether 
the CD4+ level in the study selects for patients 
with a risk of progression of 5% over 2 years or 
10% over 1 year. Treatment has been well toler- 
ated, but data are not yet available to show that 
the effect on CD4+ counts is more pronounced 
when treatment is introduced earlier. However, the 
rate of viral resistance appears to be slower. In 
patients with early HIV disease it is not clear if 
there is a benefit on survival, either in the short 
term (which has been studied) or in the long term 
(which probably can never be clarified). 

In the Australian-European study with zidovu- 
dine, involving patients with CD4* counts of 200 

'^Ht' t0 X ^ ^ e P r °P crt * on of placebo- treated 
H§; patients with CD4-f counts remaining above base- 
: > m iine levelled off at about 30% of those remaining 
111 in the study after 1 year. This could of course be 
because of selective withdrawal of patients with 
disease progression, but remains an important ob- 
servation. 



1 2. 1 Duration of Zidovudine Monotherapy 
before Switching to Didanosine 

Studies are emerging that demonstrate that there 
is some correlation between virai resistance and 
prognosis. Resistance in late HIV disease is found 
to develop in 6 to 12 months, but many patients 
have fully sensitive virus after 2 to 3 years. The 
phenotype of the virus, syncytia-inducing or 
non-syncytia-inducing, may be of much greater 
importance. It thus becomes illogical to specify a 
certain time, for example 1 year, when therapy 
s- should be changed. 

This leads to the question of whether the re- 
sistance determination or viral phenotyping should 



be the decisive factors in altering treatment. Al- 
though these techniques may be available in cer- 
tain settings, their prognostic importance still rests 
on very' limited information and may currently in 
fact only complicate individual treatment deci- 
sions. Information on resistance development and 
removal of a drug that probably no longer inhibits 
the virus is however important to avoid unneces- 
sary uise of a drug with side effects. At present, 
clinical deterioration or declining CD4+ counts as- 
sociated with disease progression seem to be the 
best factors for determining a change in therapy, 
irrespective of the length of zidovudine treatment 
and resistance data. 

12.2 Should a New Drug be Added or 
Substituted after Failure of Zidovudine 
and Didanosine? 

Data from one study indicate that the addition 
of a new drag could antagonise zidovudine inhi- 
bition in cells infected with zidovudine-resistant 
virus (Cox et al. 1992). Resistance mutations in- 
duced against one antiviral drug may induce sen- 
sitivity {or resistance) to another. In the absence 
of -selective pressure, sensitive virus only siowiy 
reappears, indicating that at least some mutants 
multiply almost as well as wild-type virus. This 
might mean that a change to an alternative drug is 
a first choice to try to speed up this process. If this 
is an effective process, subsequent alternating 
therapy could be considered. Alternatively, a com- 
bination therapy might be started once virus sen- 
sitive to zidovudine is re-established, so that re- 
sistance mutations to didanosine or TIBO-like 
compounds will prohibit the establishment of virus 
highly resistant to zidovudine. 

If future observations confirm that virus grow- 
ing well in MT-2 cells (i.e. syncytia-inducing 
phenotype) is not sensitive to zidovudine and pos- 
sibly also ether drugs, it may be unsuitable as 
monotherapy in patients with CD4+ counts below 
400 X 10 6 /L, when these phenotypes start to ap- 
pear. Whether zidovudine can be used at ail or if 
combination treatments are advisable in patients 
with syncytia-inducing virus should be addressed 
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soon. Combination therapy for all may be a clinical 
choice if viral phenotypifig is not available. So far 
there is limited experience with alternating thera- 
pies, with doses thai are higher than those tolerated 
as monotherapy. The antiviral effect may well be 
as good with these high doses as the synergy of the 
combination, with the toxicity favouring the com- 
bination. The development of phenotypic and viral 
resistance may, however, be profoundly different. 

12.3 New Drugs and Combinations Expected 
over the Coming Years 

It seems that there will be further drugs which 
inhibit HIV reverse transcriptase. This might give 
possibilities to combine or alternate treatments 
where resistance to one inhibitor may increase the 
sensitivity to another. Such as yet only theoretical 
combinations or alternating regimens could then 
decrease problems of both toxicity and resistance 
development. 

1 HIV protease inhibitors are probably becoming 
more useful agents. As with the reverse transcrip- 
tase inhibitors, combinations of protease inhibitors 
and combination with reverse transcriptase inhib- 
itors to minimise toxicity and viral resistance are 
likely. 

Combination regimens may also be useful to in- 
hibit HIV replication in different types of cells in 
vivo. It is possible that the inhibitory potential, es- 
pecially of nucleoside analogues, will depend on the 
type of ceil treated, and many different cell types 
are infected in a patient. 

The many new inhibitors and combinations al- 
ready found to be active in vitro must be evaluated 
in appropriate in vivo models, probably by using 
monkeys infected with HIV-1, HIV-2 and SI\\ to 
select suitable compounds, dosages and combina- 
tions for clinical investigation. 
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Summary: Antibodies to E. co//-produced HIV-1 vpr and vpu were determined 
by enzyme immunoassay in serial sets of sera from 72 men seroconverting for 
antibodies to HIV-1 structural proteins, and from 196 initially symptom-free 
men who were positive for such antibodies at study entry. First detection of 
vpr- and vp«-specific antibodies always was within 12 months of seroconver- 
sion for antibodies to structural proteins. In the combined cohort of 268 men, 
vpr- and vp«-speciflc antibodies were found persistently in 26 and 43% of men, 
respectively. Vpr- and vpu-specific antibodies were transiently detected in 3 
and 7%, respectively, and intermittently detected in 18 and 15% of men. Vpr- 
and vpw-specific antibodies were not detected in 53 and 37% of men, respec- 
tively. No association was found between the patterns of vpr- or v/w-speciflc 
antibody response and clinical outcome. In subjects with different patterns of 
vpr- and vp^-specific antibody response, no clear temporal relationship existed 
between the appearance or disappearance of aniibodies and the onset of HIV- 
1 -related disease. Key Words: vpr-specific antibodies— vpu- specific antibod- 
ies — HIV-1 infection. 



Apart from the gag, pol, and env genes, coding 
for structural proteins, the genome of HIV-1 con- 
tains six known accessory genes (1), of which tat, 
rev, and nef code for proteins shown to have regu- 
latory properties with respect to viral replication in 
vitro. Antibodies to all accessory gene-encoded 
proteins, including viral proteins U and R (vpu and 
vpr) can be found in sera from HIV-1 -infected indi- 
viduals (2-21), Whereas numerous reports concern- 
ing antibody response to tat, rev, and nef exist, in- 
cluding some showing associations with clinical 
outcome (6,7,20,21), information regarding the clin- 
ical significance of vpr- and vpw-specific antibodies 
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in HIV-1 -infected individuals is limited. One study 
(13) reported no clear association between the se- 
roprevalence of antibodies to vpr and the clinical 
stage of infection with HIV-1. Another study (14) 
found a bimodal distribution of prevalence of anti- 
body to vpu, with one peak associated with early 
clinical stages and another peak associated with the 
late stage of infection with HIV-1 . The function of 
the vpr gene product remains unknown, but it does 
not seem to be required for viral replication (13,22). 
The vpu gene-encoded protein may have a role in 
virus assembly or maturation (17), Although a func- 
tional vpu gene is not absolutely essential for the 
production of virions, an HIV-1 mutant lacking a 
functional vpu gene demonstrated a lower rate of 
viral replication when compared to wild-type virus 
(17). 
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In the present study, patterns of antibody re- 
sponse to vpr and vpu were determined in serial sets 
of sera from 72 individuals seroconverting for anti- 
bodies to HIV-1 structural proteins and from 196 
initially symptom-free subjects with known sero- 
positivity for such antibodies. The incidence of 
HIV-l-related disease was compared between sub- 
jects with different vpr- and v/?«-specific antibody 
responses. In a cross-sectional study, it was at- 
tempted to confirm the previously described bi- 
modal distribution of v/?w-specific antibodies, in 
subjects with different clinical stages of HIV-1 in- 
fection. 

METHODS 
Study Populations 

Between October 1984 and March 1986, 961 
asymptomatic men, living in and around Amster- 
dam and with at least two homosexual contacts in 
the preceding 6 months, were enrolled in a prospec- 
tive study on the prevalence and incidence of HIV 
infection and risk factors for AIDS. Epidemiologi- 
cal and clinical data were collected, and blood was 
sampled every 3 months (23). 

In the first serum sample taken, 723 men were 
found to be seronegative for HIV-1 antibody and 
238 were found to be seropositive, using a commer- 
cially available enzyme immunoassay (EI A) based 
on purified human T-lymphotropic virus type MB 
(HTLV-IIIB) as antigen (Vironostika, Organon 
Teknika, Oss, The Netherlands). Seropositivity 
was confirmed by immunoblotting as previously de- 
scribed (24). During follow-up until April 1988, 76 of 
the men initially seronegative for HIV-1 antibody 
serocon verted, as shown by using a commercially 
available EI A based on gag and env encoded pro- 
tein fragments (recombinant HTLV-III EIA, Ab- 
bott Laboratories, North Chicago, IL, U.S.A.). All 
available stored sequential serum samples from 
subjects who were seropositive or seroconverted 
for antibodies to HIV-1 structural proteins were 
tested retrospectively for vpr- and v/?w-specific an- 
tibodies. In 42 of the seropositive men and 4 of the 
men who seroconverted, follow-up was too short 
and insufficient data on vpr- and v/?w-specfic anti- 
bodies were obtained. The mean duration of follow- 
up for the remaining 196 men who were seropositive 
at entry was 33.3 months (range of 6-45 months) 
and for the remaining 72 men who seroconverted it 
was 20.8 months (range of 3-38 months). 
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During follow-up until April 1988, 34 of the sero- 
positive men and 4 of the seroconverters developed 
AIDS [Centers for Disease Control (CDC) stages 
IVC1 or IVD]. In 5 of these 34 seropositive men, 
AIDS-related conditions (CDC IVA in 4 and au- 
toimmune thrombocytopenia in 1) had been diag- 
nosed 1-5 months prior to AIDS. In nine other 
seropositive men and two other seroconverters, 
AIDS-related conditions were diagnosed (CDC IVA 
in seven, persistent oral thrush in two, hairy leuko- 
plakia in one, and HIV-related psoriasis in one). 

Serum samples obtained between October 1985 
and December 1988 from 29 HIV-1 antibody- 
seropositive homosexual men, at the time they had 
AIDS-related conditions (CDC IVA in 28, persis- 
tent oral thrush in 1) diagnosed in the AIDS clinic of 
the Academic Medical Centre, Amsterdam, The 
Netherlands, were also tested for vpw-specific an- 
tibodies. During follow-up until February 1989, 
AIDS was diagnosed in 14 of these men, 7 of whom 
were being treated with zidovudine. Of the remain- 
ing seven patients, who were not receiving zidovu- 
dine, serum samples from four were available for 
vp«-specific antibody detection at the time of diag- 
nosis of AIDS. 

Therefore, by combining the data from both 
study populations above, the prevalence of vpu- 
specific antibodies could be assessed in a total of 42 
patients with AIDS and 45 patients with AIDS- 
related conditions. The prevalence of vpw-specific 
antibodies in symptom-free HIV- 1 -infected individ- 
uals was determined in the last available serum 
samples from the 219 men in the above longitudi- 
nally followed cohort, who had remained symptom- 
free at the end of follow-up. 

Detection of vpu- and vpr-Specific Antibodies 

vpr and vpu were produced in E. coli as galac- 
tokinase fusion proteins. The bacterially synthe- 
sized vpr and vpu were purified to greater than 95% 
homogeneity and EIA was performed as described 
by Goudsmit et al. (25), except that horseradish per- 
oxidase-labeled goat anti-human IgG (KPL, Gai- 
thersburg, MD, U.S.A.) was used, instead of bio- 
tinylated goat anti-human IgG with strep tavidin-. 
biotinylated horseradish peroxidase complex. The 
last obtained serum samples of 100 of the longitu- 
dinally followed consistently HIV-1 antibody sero- 
negative homosexual men were used as controls. A 
sample was considered to contain v/?r- or vpu- 
specific antibodies if OD (sample) > OD (average of 
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100 H1V-1 antibody negative control samples) + 
4SD. 

Classification of Patterns of vpr- and vpa-Specific 
Antibodies in Serial Serum Samples from Men 
Seroconverting or Seropositive for Antibodies to 
HIV-1 Structural Proteins 



group IVC1 (28 patients) or group IVD (14 patients; 
12 with Kaposi's sarcoma, 2 with malignant lym- 
phoma). Patients with AIDS-related conditions be- 
longed to CDC group IV A (39 patients), IVC2 (4 
patients), and IVE (2 patients). 

Statistics 



Five different patterns were distinguished: (a) 
vpr- or vpa-specific antibodies were detected in all 
samples (persistently positive), (b) No vpr- or vpu- 
specific antibodies were found at the time of sero- 
conversion for antibodies to structural proteins or 
entry into the study, but they subsequently ap- 
peared and remained detectable throughout follow- 
up (seroconversion for anti- vpr or anti-vpw). (c) vpr- 
or vpw-specific antibodies could not be detected in 
any of the samples (persistently negative), (d) vpr- 
or v/?w-specific antibodies were found at the time of 
seroconversion to structural proteins or at entry 
into the study, but subsequently disappeared and 
remained undetectable throughout follow-up (tran- 
siently positive), (e) One or more samples in which 
antibodies to vpr or vpu were detected were pre- 
ceded and followed by samples in which no anti- 
bodies to vpr or vpu were detected (intermittently 
positive). 

The duration of foliow-up for subjects with the 
different patterns of vpr- and ypw-specific antibody 
response is shown in Table 1 . 

Classification of HIV-l-Related Disease 

Clinical assessment was made according to CDC 
criteria (26). Patients with AIDS belonged to CDC 



X 2 tests were used for comparing groups. 



RESULTS 

vpr- and vpu-Specific Antibody Response in HIV-1 
Antibody Seroconverting Men 

The appearance of vpr- and ypw-specific antibod- 
ies in relation to seroconversion for antibodies to 
HIV-1 structural proteins is shown in Table 2. Dur- 
ing the period of 9 months prior to HIV-1 antibody 
seroconversion, vp«-specific antibodies were not 
detected in any of the subjects. During this period, 
vpr-specific antibodies were detected in two sub- 
jects: in one 6 months before HIV-1 antibody sero- 
conversion, and remaining detectable in all samples 
during 27 months of follow-up; in the other subject, 
vpr-specific antibodies were detected in only one 
sample 3 months before HIV-1 antibody serocon- 
version, but in none of the subsequent samples dur- 
ing 15 months of follow-up. vpr- and vp«-specific 
antibodies usually appeared within 3 months after 
HIV-1 antibody seroconversion. In total, vpr- 
specific and vpa-specific antibodies were found, at 
any one time, in 49% (35/72) and 61% (44/72) of 
subjects, respectively. 



TABLE 1. Duration of follow-up in a cohort of 268 HIV -I antibody seropositive homosexual men, according to pattern of vpr- and 

ypn-specific antibody response 



Anti-vpr 



Anti-vpw 



Pattern of 
antibody response 


HIV-1 Ab 
seroconverters 


HIV-1 Ab 
seropositives 


HIV-i Ab 
seroconverters 


HIV-1 Ab 

seropositives 


Persistently positive 


15 


30 


16 


32 


(group 1) 


(6-30) 


(6-42) 


(3-38) 


(10-42) 


Seroconverting for 










vpr and vpu 


19 


30 


21 


33 


(group 2) 


(5-33) 


(15-39) 


(14-30) 


(27-42) 


Persistently negative 


19 


32 


19 


30 


(group 3) 


(3-36) 


(£-42) 


(3-36) 


(6-42) 


Transiently positive 


28 


31 


23 


36 


(group 4) 


(24-31) 


(18-40) 


(«0) 


(21^42) 


Intermittently positive 


24 


33 


26 


36 


(group 5) 


(15-38) 


(1 1-45) 


(10-33) 


(20-45) 



Mean number of months followed-up. Numbers in parentheses are the ranges in the months followed-up. 
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TABLE 2. Appearance of antibodies to vpu and vpr in 72 HIV-1 gag/env antibody seroconverting homosexual men 

Time (months) relative to HIV-1 gag/env antibody seroconversion 

-9 -6 -3 0 3 6 9 12 15 18 21 24 

Anti-vpw 0/4 0/57 0/68 26tf2 34/70 23/64 17/60 18/55 16/51 16/46 12/40 ~U)/32 

(0%) (0%) (0%) (36%) (49%) (36%) (28%) (33%) (31%) (35%) (30%) (31%)' 

Anti-vpr 0/4 1/57 2/68 10/72 25/70 21/64 23/60 22/55 14/51 10/46 11/40 8/32 

(0%) (2%) (3%) (14%) (36%) (33%) (38%) (40%) (27%) (22%) (28%) (25%) 



Patterns of vpr- and ^pa-Specific 
Antibody Response 

The prevalence of the different patterns of vpr- 
and vpw-specific antibody response in the longitu- 
dinally studied seroconverting and at entry HIV-1 
antibody seropositive men is shown in Table 3. In 
126/268 (47%) men, vpr-specific antibodies were de- 
tected. Detection was persistent from the moment 
of HTV-1 antibody seroconversion or entry into the 
study in 51/268 (19%) men, and following serocon- 
version for vpr-specific antibodies in 18/268 (7%) 
men. Detection of vpr-specific antibodies was tran- 
sient in 1 1/268 (4%) and intermittent in 46/268 (17%) 
of men. No vpr-specific antibodies were detected in 
142/268 (53%) of men. In a small majority of sub- 
jects, vptf-specific antibodies were found (169/268 
men; 63%). In 101/268 (38%) of subjects, vp»- 
specific antibodies were persistently detectable 
from the moment of HIV-1 antibody seroconver- 
sion or entry into the study, and in 14/268 (5%) fol- 
lowing seroconversion for vp«-specific antibodies. 
In 20/268 (7%) of subjects, vp«-specific antibodies 
were transiently and in 34/268 (13%) intermittently 
detectable. In 99/268 (37%) of subjects, no vpu- 
specific antibodies were detected. 

TABLE 3. Antibody response to vpr and vpu in a cohort of 268 HIV-l antibody seropositive homosexual men 



Anti-vpr Anti-vpw 





HTV-1 Ab 


HIV-1 Ab 




HIV-1 Ab 


HIV-1 Ab 




Pattern of 


seroconverters, 


seropositives, 


Total, 


seroconverters. 


seropositives. 


Total, 


antibody response 


no. (%) 


no. (%) 


no. (%) 


no. (%) 


no. (%) 


no. (%) 


Persistently positive 












* 


(group 1) 


9(12) 


42 (21) 


51 (19) 


16 (22) 


85 (43) 


101 (38) 


Seroconverting for 














vpr and vpu 














(group 2) 


10 (14) 


8(4) 


18(7) 


7(10) 


7(4) 


14 (5) 


Persistently negative 














(group 3) 


40 (56) 


102 (52) 


142 (53) 


32 (45) 


67(34) 


99(37) 


Transiently positive 














(group 4) 


2(3) 


9(5) 


H(4) 


11 05) 


9(5) 


20(7) 


Intermittently positive 














(group 5) 


1 1 (15) 


35(18) 


46(17) 


6(8) 


28 (14) 


34 (13) 



Among the HIV-1 antibody seroconverting men, 
a higher percentage of men seroconverted for anti- 
vpr and anti-vpw, and among the men who were 
HIV-1 antibody seropositive at entry, a higher per- 
centage was persistently positive for anti-vpr and 
anti-vpw. This difference could be expected since 
seroconversion for anti-vpr and anti-vpw always oc- 
curred within 12 months of seroconversion for an- 
tibodies to HIV-1 structural proteins. Both in the 
HIV-1 antibody seroconverting men and in the at 
entry HIV-1 antibody seropositive men, the levels 
of vpr-specific antibodies in the subjects belonging 
to groups 1 and 2 (Table 3) (mean OD ± SEM: 1 ,1 37 
± 86 and 1,100 ± 29 in group 1, 962 ± 87 and 931 ± 
75 in group 2) appeared to be higher than in subjects 
belonging to groups 3 t 4, and 5 (mean OD ± SEM: 
238 ± 4 and 224 ± 2 in group 3, 817 ± 68 and 513 ± 
18 in group 4, 518 ± 17 and 532 ± 10 in group 5). 
Similar results were obtained for the levels of vpw- 
specific antibodies (mean OD ± SEM: 1,343 ± 63 
and 1,429 ± 21 in group 1, 1,253 ± 83 and 707 ± 36 
in group 2 vs. 168 ± 4 and 198 ± 2 in group 3, 738 
± 66 and 470 ± 18 in group 4, 537 ± 37 and 512 ± 
14 in group 5). We therefore decided, for analysis of 
the relationship between clinical outcome and the 
patterns of vpr- and vp#-specific antibodies, to 
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gather subjects from groups 1 and 2 (anti-vpr and 
anti-vpa persistently positive and seroconverting 
for anti-vpr and anti-vpw, respectively), on the one 
hand, and from groups 3, 4, and 5 (anti- vpr and 
anti-vpa persistently negative, transiently positive, 
and intermittently positive, respectively) on the 
other hand. This also permitted us, for the purpose 
of this analysis, to consider both the HIV-1 anti- 
body seroconverting and at entry seropositive men 
as a whole. 

The groups were analyzed separately for the tem- 
poral relationship between vpr-specific and vpu- 
specific antibody response, and the onset of HIV- 
1-related disease. 

Association Between vpr- and vpn-Specific Antibody 
Response and Clinical Outcome of Infection 

with HIV-1 

No association was found between patterns of 
vpr- or ypa-specific antibody response and clinical 
outcome (p = 0.59 and p = 0.29) (Tables 4 and 5). 
When all subjects with detectable vpr- or vpu- 
specific antibodies were gathered (groups 1, 2, 4, 
and 5 in Table 3) and compared with subjects with- 
out detectable vpr- or vp#-specific antibodies 
(group 3 in Table 3), again no associations with clin- 
ical outcome were found (data not shown). 

The temporal relationship between the presence 
or appearance and absence or disappearance of vpr- 
and v/w-specific antibodies and the onset of AIDS 
or AIDS-related conditions is shown in Fig. 1. 

Twelve of the 51 (24%) individuals with persis- 
tently detectable vpr-specific antibodies developed 
AIDS {n = 10) or AIDS-related conditions (/i = 2). 
One of these men was a known HIV-1 antibody 
seroconverter and developed persistent oral thrush 



12 months after seroconversion. Two of the 18 
(11%) subjects who seroconverted for vpr-specific 
antibodies developed AIDS. In one of these men, 
v/>r-specific antibodies appeared 3 months after 
HIV-1 antibody seroconversion and Kaposi's sar- 
coma was diagnosed 21 months thereafter. Twenty- 
three of the 142 (16%) subjects who were persis- 
tently negative for v/?r-specific antibodies devel- 
oped AIDS (n = 18) or AIDS-related conditions (n 
= 5). Three of these were known HIV-1 antibody 
seroconverters, and developed AIDS 11,18, and 30 
months after seroconversion. Three of the 11 (27%) 
subjects who were transiently positive for vpr- 
specific antibodies, all HIV-1 antibody seropositive 
at entry, developed AIDS (n = 1) or AIDS-related 
conditions {n = 2). Nine of the 46 (20%) subjects 
who were intermittently positive for ypr-specific an- 
tibodies developed AIDS (n = 7) or AIDS-related 
conditions (n = 2). One of these men developed 
CDC IVA 18 months after HTV-1 antibody serocon- 
version, which was 18 months after first and 9 
months after last detection of v/?r-specific anti- 
bodies. 

Twenty of the 101 (20%) men with persistently 
detectable vpa-specific antibodies developed AIDS 
(n = 13) or AIDS-related conditions (n = 7). One of 
these men was a known HIV-1 antibody serocon- 
verter and developed persistent oral thrush 12 
months after seroconversion. One of the 14 (7%) 
subjects who seroconverted for v/?w-specific anti- 
bodies 6 months after HIV-1 antibody seroconver- 
sion developed Kaposi's sarcoma 12 months there- 
after. Twenty of the 99 (20%) subjects who were 
persistently negative for vp«-specific antibodies de- 
veloped AIDS (n - 18) or AIDS-related conditions 
{n - 2). Four of these were known HIV-1 antibody 
seroconverters, and developed AIDS after 11, 24, 
and 30 months and CDC IVA after 18 months. Two 



TABLE 4. Relationship of vpr-specific antibody response to clinical outcome of infection in 268 homosexual men who were positive 

for antibody to structural proteins of HIV -i 

No. of subjects {%) 

Anti-vpr response CDC II/III CDC IVA/IVC2/IVE CDC IVC1/IVD Total 

Persistently positive/ 
seroconverting for anti- vpr 

(group 1/2) 55 (80) 2(3) 12(17) 69 

Persistently negative/ 
transiently positive/ 
intermittently positive 

(group 3/4/5) 164 (82) 9 (5) 26(13) 199 

CDC, Centers for Disease Control. 
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TABLE 5. Relationship of vpu-specific antibody response to clinical outcome of infection in 268 homosexual men who were positive 

for antibody to structural proteins of H1V-1 



No. of subjects {%) 

Anti-vpw response CDC II/III CDC IVA/TVC2/1VE CDC IVCi/IVD Toiai 

Persistently positive/ 
seroconverting for onti-vpu 

(group 1/2) 94(82) 7(6) 14(12) V15 

Persistently negative/ 
transiently positive/ 
intermittently positive 

{group 3/4/5) 125(82) 4 (3) 24 (15) 153 



CDC, Centers for Disease Control. 



of the 20 (10%) men who had transiently detectable 
ypw-specific antibodies, both HIV-1 antibody se- 
ropositive at entry, developed AIDS. Six of the 34 
(18%) subjects with intermittently detectable vpu- 
specific antibodies, ail HIV-1 antibody seropositive 
at entry, developed AIDS (n - 4) or AIDS-related 
conditions (n = 2). 

Prevalence of vpw-Specific Antibodies During 
Different Clinical Stages of HIV-1 Infection 

Studied cross-sectionally in single serum sam- 
ples, there was no significant (p > 0.1) difference in 
prevalence of vpw-specific antibodies between 
asymptomatic (CDC II/III) HIV-1 antibody sero- 
positive men, and men with both early (CDC IV Af 
IVC2/IVE) and late {CDC IVC1/1VD) stages of 
HIV-1 related disease. These results are depicted in 
Fig. 2. 

DISCUSSION 

We previously reported (10,27) the antigenicity of 
E. co/i-produced nef rev, and tat in the same cohort 
of HIV-1 antibody seroconverting men described in 
the present study, nef was found to be highly anti- 
genic with rtcf-specific antibodies being detectable 
in 83% of individuals, rev- and ^/-specific antibod- 
ies were clearly less prevalent, and found in 47 and 
29% of men, respectively. The present data show 
vpr- and v/w-specific antibodies also to be less prev- 
alent than /zejf-specific antibodies. At any one time, 
vpr-specific antibodies were found in 49% and vpu- 
specific antibodies in 61% of HIV-1 antibody sero- 
converting men. Very similar percentages of anti- 
body responders were found when analyzing the 
groups of HIV- 1 antibody seroconverting and at en- 
try seropositive men as a whole. Like antibodies to 
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nef, rev, and tat, vpr- and vpM-specific antibodies 
appeared early, i.e., at or within 12 months after 
seroconversion for antibodies to structural pro- 
teins. Several explanations can be offered for the 
lower prevalence of vpr- and v/w-specific antibod- 
ies compared to that of /lef-specific antibodies, 
early after infection. First and most likely, the an- 
tigenicity of vpr and vpu may be lower than that of 
nef Second, vpr and vpu are expressed early, but 
exposed to the immune system in only some indi- 
viduals. Third, some individuals are not capable of 
mounting an antibody response to v vpr and vpu, 
while others are. Fourth, vpr and vpu epitopes may 
be variable. Finally, antibodies to vpr and vpu niay 
not be detectable in some individuals due to im- 
mune complex formation. 

As reported previously (6,10) for nef-, rev-, and 
/^/-specific antibodies, in sequential serum samples 
vpr- and v/?w-specific antibodies could be persis- 
tently detectable (being present from the time of 
HIV-1 antibody seroconversion or entry into the 
study or appearing soon thereafter), transiently or 
intermittently detectable, or not detectable at ail, 
respectively. No association was found between 
these patterns of vpr- and v/w-specific antibody re- 
sponse and the development of HIV-l-related dis- 
ease. Also, no obvious temporal relationship ex- 
isted between the appearance or disappearance of 
vpr- and vpw-specific antibodies and disease pro- 
gression, although numbers were too small for def- 
inite conclusions. 

In a cross-sectional study using single serum sam- 
ples, Matsuda et ah (14), classifying subjects ac- 
cording to the Walter Reed staging system (28), 
found a higher prevalence of vpw-specific antibodies 
in patients with early (WR2 and WR3) and late 
(WR6) stages of infection, compared to patients 
with intermittent (WR4 and WR5) stages. It is un- 
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FIG. 1. Temporal relationship between patterns of vpr- and vpu-specific antibody response and onset of AIDS or AIDS-related 
conditions. Thick black bar, OD values above cut-off; thin black bar, OD values below cut-off. 

clear, however, whether these differences were sig- possible explanation for this discrepant result may 
nificant. We found no significant differences in be the difference in clinical staging system, but 
prevalence of v/>«-specific antibodies between without more data concerning the clinical and de- 
groups of subjects with early, intermittent, and late mographic characteristics of the population studied 
stages of infection according to CDC criteria. One by Matsuda et aL, this can not be confirmed. 
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FIG. 2. Prevalence of vpu-specific antibodies in HIV-1 anti- 
body seropositive men with asymptomatic infection (CDC II/ 
III), AiDS-reiated conditions (CDC IVA/IVC2/IVE), and AIDS 
(CDC 1VC1/IVD). 
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Abstract 

i 

y 

\ The entire vpr gene of human immunodeficiency virus type 1 (HIV-1) was cloned 

) into procaryotic and eucaryotic expression vectors. Production of authentic pro- 

l tein encoded by the gene in bacterial and mammalian cells was monitored by 

: Western blotting using guinea pig antisera raised against an N-terminal 14-oligo- 

peptide of the predicted vpr protein. A specific i 2-kD protein was clearly detected 
with these antisera, but not with preimmune sera, in both ceil systems, and this 
binding was blocked by the oligopeptide. These antisera also recognized a protein 
j of the same size in several human T-cell lines infected with HIV-1. Western 

blotting analysis of subcellular fractions prepared from the cells producing wild- 
i type vpr protein strongly suggested that the protein was membrane associated. 

| A region within the vpr required for the stable expression of vpr product was also 

suggested by mutational analyses. 



Introduction 

The genome of human immunodeficiency virus type 1 (HIV-1), a causative agent 
of acquired immunodeficiency syndromes, contains many extra open reading 
frames (OFRs) not found in other retroviruses (1-3). These include genes desig- 
nated vif, vpr, tat, rev, vpu, and nef (4). Biochemical and genetic studies on the 
unique genes have revealed their products and functional roles in the replicative 
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cycle of the virus (5). However, littJe is known about the nature of vpr The vpr 
ORF is well conserved, not only among primate lentiviruses, but also in the 
distantly related ungulate lentivirus, visna virus (6). This fact suggests that vpr 
plays an important role in the life cycle of the lentivirus group. 

some infected individuals, but not unin- 
fected individuals, possess antibodies reactive with a bacterially expressed HIV-1 
vpr gene product (7). Ogawa et al. showed, by using proviral mutants of HIV-1 
generated in vitro, that the vpr may encode a positive factor for virus growth 
and also that the C-termmal portion of vpr product may be important for the 
functionality (8). Cohen et al. reported that the 15-kD vpr gene product is a 
transactivator of the HIV long terminal repeat (LTR) as well as the LTRs of other 
promoters (9). The latter two reports are consistent in that HIV-1 vor oositivelv 
regulates the replication of virus. a»uveiy 

In order to better understand the vpr gene, we have cloned the vpr derived 
from a functional molecular clone pNL432 that expresses all known HIV-1 genes 
(10) into expression vectors and examined the products in the cells, along with 
the samples prepared from virus-infected cells, for the identification and localiza- 
tion of HIV-1 vpr protein. We demonstrate here that the HIV-1 vpr encodes a 
12-kD protein that is associated with cellular membranes. In addition, we show 
that the removal of 13 amino acids in vpr abolished the stable expression of the 
vpr gene product. 
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Materials and Methods 



Cells 



CD4 human leukemia cell lines, A3.01 (8), Molt4 clone 8 (8), MT-2 (1 1) and 
Mr-4 (11) were maintained in RPMI 1640 medium supplemented with 10% heat- 
inactivated fetal calf serum. A human colon carcinoma cell line, SW480 (ATCC 
CCL-228), and a hamster kidney cell line, BHK21 (ATCC CCL-10), were main- 
tained in Duibecco's modified Eagle's medium supplemented with 10% heat-inac- 
tivated fetal calf serum. 



DNA constructs 

The DNA constructs, a procaryotic expression vector pUCl 18N (12) a eucarv 

of Iw^^JF*?'**? ° 3) ' and a " infectious P roviral ™A done 
at HIV-1 (pNL432) (10) have been described. Plasmid DNA pUCU8N-R carrying 

the entire vpr gene of pNL432 was constructed as follows. A 3.2-kb Pstl-Sacl 
iragment containing the vpr gene was cloned into P UC118 and a Ncol site '5'- 
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Fig. /. Predicted amino acid sequence of HIV-1 vpr (432 strain), and of procaryotic and eucaryotic 
expression vectors carrying the vpr gene. A: Amino acid sequence of vpr deduced from the nucleotide 
sequence {8). The peptide synthesized to immunize guinea pigs is underlined, The restriction sites 
used to make mutants are also shown. B,C: Schematic representation of piasmid DNAs containing 
the vpr gene. For details, see Materials and Methods. P = promoter; RSV - Rous sarcoma, virus; 
MMTV - mouse mammary tumor virus; SV40 = simian vims 40; neo - neomycin. 



CCATGG-3') was generated at the initiation codon (5'-AGATGG-3') of vpr by 
oligonucleotide-directed in-vitro mutagenesis. The Ncol-Sacl fragment of this 
clone was put into pUCI18N to obtain pUCl 18N-R (Fig. IB). From this clone, 
pREN and pRHN were generated by insertion of a termination linker (5'-TAAC- 
TAGATAGC-3') into the EcoRI or Hindi sites, respectively. To construct 
pMAM-neo-R, another Xhal site was introduced into pUC118N-R by using Sphh 
Ncol linker (5'-CATGAGCATGCC-3') and Xbal linker (5'-CTCTAGAG-3') (into 
the Spkl site created earlier). The resultant Xhal-Xbal fragment was ligated to 
the Nhel site of pMAM-neo in a sense orientation to obtain pMAM-neo-R (Fig. 
1C). Proviral mutants of vpr gene, designated pNLEN and pNLSN, were con- 
structed by insertion of termination linker (as above) into the £coRI or Sail site 
respectively, of pNL432. 
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Expression of vpr gene product 

To monitor the expression of vpr gene in bacteria, Escherichia coli JM109 cells 
were transformed with pUC118N, pUC118N-R, pREN, or pRHN, and stimulated 
by isopropyl-p-D-thiogalactopyranosid (IPTG). Transfcction of pMAM-neo, 
pMAM-neo-R, pNL432, pNLEN, and pNLSN into the mammalian cells was 
carried out by the calcium phosphate coprecipitation method (14). To obtain 
BHK21 cells that constitutively express the vpr gene product, pMAM-neo (as a 
negative control) or pMAM-neo-R was introduced into the cells and geneticin 
(G418)-resistant cells were selected (15). 



Western blot analysis 

For Western blot analysis, bacterial cells were lysed in Laemmli*s sample buffer 
(16) and mammalian cells were solubilized in 1% NP40-10mM Tris-HCl (pH 8.0)- 
lmM EDTA. Subcellular components, prepared as described previously (IT), 
were solubilized in 8 M urea-1 M Nad. Cell lysates (the same amount of protein 
was used) were resolved by 16% (Figs. 3, 4, and 6) or 18% (Figs. 2 and 5) sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (NaDodS0 4 -PAGE) (16) and 
then electrophoretically transferred to nitrocellulose membranes. The membranes 
were incubated with anti-v/yr guinea-pig sera raised against a synthetic N-terminal 
14-oligopeptide of the predicted vpr protein (Fig. 1) and processed with the pro- 
tein A-horseradish peroxidase (Zymed Laboratories, San Francisco, CA) and 
Konica immunostaining HRP kit (Konica & Co., Tokyo). 



Results 

Expression of vpr gene product in bacterial and mammalian cells 

There has been only one report concerning the direct identification of the HIV-1 
vpr protein (9). To confirm and extend the data on structural analysis presented, 
we monitored the expression of vpr gene in two systems. 

First, a series of procaryotic expression vectors carrying wild-type (wt) or 
mutated vpr gene were constructed. The wt gene came from an infectious clone 
that was reported to have biologically active vpr (8) and to encode 96 amino acids 
(Fig. 1 A). All the plamid DNAs were designed to express the non-fusion-type vpr 
gene product (Fig. IB; for details, see Materials and Methods). Thus, pUCl 18N- 
R (wt), pREN (mutant), and pRHN (mutant) encoded native 96, 63, and 76 (plus 
three irrelevant), respectively, amino acids from the N terminus of vpr protein 
(Fig. 1A). Fig. 2 shows the products synthesized in transformed JM109 cells as 
examined by Western blotting using anti-vpr peptide sera. pUC118N-R directed 
the synthesis of large amounts of 12-kD protein (lane 4), whereas no protein of 
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Fig. 2. Identification of vpr gene product in bacteria JM109 ceils. JMJ09 transformants were cultured 
in the presence of 2 mM IPTG. Cell lysates were prepared from the cells transformed with pUC118N 
(lane 1), pREN (lanes 2 and 5), pRHN (lanes 3 and 6), or pUCH8N-R (lanes 4 and 7). Each lysate 
was analyzed by Western blotting with either anti-vpr peptide sera (lanes 1-4) or anti-vpr sera pread- 
sorbed with the vpr peptide (lanes 5-7). 

a similar size that was reactive with the antisera was detected in the pUC118N- 
transformant (lane 1). Large amounts of the 9-kD (lane 3) and an extremely low 
level of 7-kD (lane 2) proteins were synthesized in pRHN-transformant and 
pREN-transformant, respectively. The specificity of reactivity with antisera was 
verified by completely blocking the reaction by the synthetic peptide used for 
immunization (lanes 5-7). The molecular mass of these proteins agreed well with 
the predicted size. The 14-kD band in lane 4 could be a read-through product 
(108 amino acids) due to the supresser gene SupE44 in JM109 cells (18). Another 
minor specific protein observed in iane 4 probably represented a dimer of the 12- 
kD protein because of its molecular size (24-kD). 

Second, a stable BHK21 cell line that expressed the vpr gene was established. 
The construct pMAM-neo-R, which we used as a eucaryotic expression vector, 
contained vpr gene under the control of a dexamethasone-inducible promotor 
(Fig. 1C). Fig. 3 indicates the specific expression of the 12-kD protein in pMAM- 
neo-R-transformed BHK21 cells (lanes 3 and 4). As clearly shown, dexametha- 
sone augmented several fold the synthesis of the 12-kD protein, and the bands 
disappeared by pretreating the, antisera with the peptide (lanes 5 and 6). No 
reactivity with anti-vpr sera was seen in the cells transformed with the parental 
expression vector pMAM-neo (lanes 1 and 2). 
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Fig. 3. Identification of the vpr gene product in BHK21 cells. G418-!resistant BHK 21 cells were 
cultured in the absence (lanes i, 3, and 5) or presence (lanes 2, 4, and 6) of 2 pM dexamethazone. 
Cell lysates were prepared from pMAM-neo transformants (lanes 1 and 2) or pMAM-neo-R transform- 
ants (lanes 3-6). Each sample was analyzed by Western blotting with either anti-vpr sera (lanes 1-4) 
or anti-ii'pr sera preadsorbed with the vpr peptide (lanes 5 and 6). 
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On the basis of our observation that the protein made by the vpr gene was of 
32-kD molecular mass, we next tried to determine its subcellular localization in 
the v/?r-producLng BHK21 cells. The ceils transformed with pMAM-neo-R were 
fractionated into cytosoi, membrane, and nuclear components, and lysates pre- 
pared from each fraction were analyzed by Western blotting (Fig. 4). The vpr 
gene product was a 12-kD protein and was mainly detected in the lysates from 
membrane fraction (lane 5). The 12-kD protein was barely detectable in the ly- 
sates from two other fractions (lanes 1 and 3) and was not detectable at all in the 
controls (lanes 2, 4, and 6). Immunofluorescence and immunoperoxidase staining 
of BHK21 cells producing vpr protein confirmed the results described above. 



Expression of vpr protein in human CD4* cells infected with HIV-I 

To determine whether the 12-kD protein is actually expressed and localized in 
the membrane fraction in the natural system, infected-cell lysates were monitored 
for the synthesis of vpr protein. As a control, two proviral vpr mutants, designated 
pNLEN and pNLSN, were constructed. These mutants encoded native 63 
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Fig. 4. Localization of the vpr gene product in BHK21 cells. pMAM-neo-R transformants (lanes 1, 
3, and 5) and pMAM-neo transformants (lanes 2, 4, and 6) were fractionated into subcellular compo- 
nents and lysates were prepared. Lysates from the nuclear fraction (lanes 1 and 2), cytosoi fraction 
(S100; lanes 3 and 4), or membrane fraction (P100; lanes 5 and 6) were analyzed by Western blotting 
with acti-vpr peptide sera. 
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(pNLEN) and 77 (pNLSN) amino acids from the N terminus of vpr protein (Fig. 
I A) and were expected to be infectious (8,9). 

Human CD4 h MT-2 cells were infected with viruses recovered from transfected 
SW480 cells (10) and checked for the expression of vpr and for virus growth. 
Both mutant viruses grew equally well with wt virus in MT-2 cells, and infected 
cells exhibited severe cytopathic effects typical to HIV. Kinetic studies of vpr 
expression as monitored by Western blotting revealed that the 12-kD protein was 
most easily detectable at the peak of virus production. The representative result 
is presented in Fig. 5. The 12-kD protein was readily detected in the lysates 
prepared from cells infected with wt virus (lane 2), whereas the 9-kD protein, the 
predicted size from the mutation, was synthesized in the cells infected with the 
mutant virus (pNLSN; lane 3). The specificity of the reaction was further con- 
firmed by the negative effect of synthetic vpr peptide (lanes 4 and 5). Quite 
interestingly, viruses derived from pNLEN could not produce protein reactive 
with antisera (lane 1). These results were repeated in other experiments using 
MT4, Molt4 clone 8, and A3.01 cells as the target for infection, consistent with 
the data obtained with the bacterial system (Fig. 2). 

Fractionation experiments were carried out to identify the subcellular localiza- 
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Fig. 5. Identification of the vpr gene product in MT-2 cells infected with HIV-1. MT-2 cells were 
infected with viruses derived from pNLEN (lane 1), pNL432 (lanes 2 and 4), or pNLSN (lanes 3 and 
5), and infected-cell ly sates were prepared on the appropriate day. Lysates were analyzed by Western 
blotting with either anti-vpr sera Qanes 1-3) or anti-v/?r sera preadsorbed with the vpr peptide (lanes 
4 and 5). 



tion of vpr product in infected cells. The mutant virus derived from pNLEN 
served as a negative control. As shown in Fig. 6, the vpr 12-kD protein was 
mainly located in the membrane fraction (lane 5). No reactivity, as expected, was 
observed in the iysates prepared from the cells infected with the mutant virus 
(lanes 2, 4, and 6). 



Discussion 

A major finding of our experiments presented here is the demonstration of the 
membrane-associated nature of the HIV-1 vpr 12-kD protein. Western blot analy- 
sis of subcellular fractions prepared from a cell line that constitutively produces 
the vpr gene product (Fig. 4) and from infected cells (Fig. 6) clearly shows that 
the vpr protein is located at the membrane. The slight difference in the molecular 
mass of the vpr product reported (9) probably represents a difference in the virus 
strain and/or of- experimental conditions. This is the first report describing the 
subcellular localization of the HIV-i vpr protein. 
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Fig. 6*. Localization of the vpr gene product in MT-2 cells infected with HIV-1. MT-2 cells infected 
with viruses from pNL432 (lanes 1, 3, and 5) or from pNLEN (lanes 2, 4. and 6) were fractionated 
into subcellular components and lysates were prepared. Lysates from the nuclear fraction (lanes 1 
and 2), cytosol fraction (S100; lanes 3 and 4), or membrane fraction (P100; lanes 5 and 6) were 
analyzed by Western blotting with the anti-v/?r peptide sera. 
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Two other observations should be made here. Mutations at the EcoRl site (Fig. 
1A) greatly reduce the production of the truncated vpr protein in both bacterial 
(Fig, 2) and mammalian (Fig. 5) cell systems- In contrast, no such effects were 
observed with other mutants (Figs. 2 and 5). Comparison of the predicted amino 
acid sequences of these mutated vpr proteins revealed that the meaningful differ- 
ence in the amino acid residues resided in a relatively hydrophobic stretch con- 
sisting of 13 amino acids (amino acids 64-76, see Fig. 1A). Presumably, vpr 
protein, which lacks this domain, was rapidly degraded in the cells. This remains 
to be proved. We also noticed that the size of the vpr gene products expressed 
in bacterial and mammalian cells was exactly the same when run on the same gel 
(data not shown). These data suggest that the vpr product was not modified in 
mammalian cells via glycosylation and cleavage with proteolytic enzymes. 

At present, the molecular mechanism by which HIV-1 vpr exerts its function 
is not completely understood. The stimulatory effect of vpr (8,9) is reported to 
act on the HIV long terminal repeat (9). Taking into account our observation that 
the vpr protein is membrane associated, the enhancing effect may not be direct. 
Further studies are required to elucidate the function of the vpr gene in detail. 
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Abstract 

DNA samples from c 
cinoroa of the uterine 
virus (HPV) genome 
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chain reaction (PCR) 
tive conditions. Aft< 
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Antibody Fragments Selected by Phage Display against the Nuclear Localization Signal of the 
HIV-1 Vpr Protein Inhibit Nuclear Import in Permeabilized and Intact Cultured Cells 
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The HIV-1 Vpr protein harbors a nuclear localization signal in its N-terminal domain. A peptide bearing this domain and 
which is designated VprN has been used as a target to screen a phage display single chain Fv (scFv) library. Here we report 
the isolation of anti-VprN scFv fragments from this library. The purified scFv fragments were able to bind the VprN peptide 
in an ELISA-based system and to inhibit VprN-mediated nuclear import in permeabilized as well as in intact micro injected 
cells. Furthermore, the anti-VprN scFv fragments recognized the full-length recombinant Vpr protein and inhibited its nuclear 
import The same scFv fragments did not inhibit nuclear import mediated by the nuclear localization signal of the SV40 large 
T-antigen demonstrating a specific effect The use of the described inhibitory anti-VprN scFv fragments to study nuclear 
import of viral karyophilic proteins and their therapeutic potential is discussed. © 2002 Elsevier science iusa) 

Key Words: HIV-1; Vpr; nuclear import; phage display. 



INTRODUCTION 

During the last few years it has become clear that the 
human immunodeficiency virus type-1 (HIV-1) is able to 
infect terminally differentiated nondividing cells such as 
macrophages and quiescent T-lymphocytes. This implies 
that the HIV-1 genome is able to cross the intact nuclear 
envelope via the nuclear pore complexes (NPC) of host 
cells (Simm etai, 1993; Lewis etal., 1992). Following cell 
penetration, the HIV-1 particles are uncoated and the 
viral genome is converted to the preintegration complex 
(PIC). The PIC is then imported into the nuclei of infected 
cells by one or more of the viral karyophilic proteins 
(Bukrinsky etai, 1992). 

The ability of HIV-1 to infect nondividing cells distin- 
guishes it from other retroviruses, such as the murine 
leukemia virus (MLV), that infect only proliferating cells. 
Indeed, PICs derived from many oncoretrovi ruses includ- 
ing MLV are nonkaryophilic and therefore enter the nu- 
cleus only during mitosis following the breakdown of the 
nuclear envelope (Lewis and Emerman, 1994). 
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In the case of HIV-1, at least three viral proteins have 
been proposed to be involved in nuclear import of the 
PIC, including the matrix (MA) protein, the viral protein of 
regulation (Vpr), and the viral integrase (IN) protein 
(Bouyac-Bertoia et at., 2001; Jenkins et ai, 1998; Depi- 
enne et ai, 2000; Bukrinsky et ai, 1993). Thus, the nu- 
clear import mechanisms may be partially redundant. 
However, the respective contribution of each of these 
karyophilic proteins to the nuclear import process of the 
viral PIC is as yet not fully understood. 

The current view of the involvement of the HIV-1 
karyophilic proteins in nuclear import of the PIC is 
based mainly on the inability of virus particles that are 
deleted or mutated in one of these proteins to repli- 
cate in nondividing cells (Haffar etai, 2000; Koostra 
and Schuitemaker, 1999). However, due to the inherent 
limitations of these studies, the involvement of the MA 
and Vpr proteins for promoting nuclear import of the 
PIC is still controversial. Also, conflicting data have 
been reported on the function of the HIV-1 IN protein in 
mediating nuclear import of the viral PIC (Bouyac- 
Bertoia et ai, 2001; Haffar et ai, 2000; Petit et ai, 
2000). Thus, the accurate role of the nuclear localiza- 
tion signals (NLS) elucidated within the HIV-1 MA, Vpr, 
and IN proteins and the function of each of these 
sequences in virus infection continue to be a matter of 
debate. 

It appears that the role of Vpr in mediating nuclear 
import of the HIV-1 PIC is indirect and requires the 
coparticipation of the viral MA protein (Popov etai, 1998; 
Haffar etai, 2000). Using Vpr-deficient HIV-1 mutants, it 

0042-6822/02 $35.00 
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has been shown that in certain cell lines, such as 
growth-arrested T-cells, Vpr is required neither for nu- 
clear import of the PIC nor for virus replication (Heinz- 
inger et aL, 1994; Gallay et aL, 1997; Bukrinsky et aL, 
1993). In such cells its role in promoting nuclear import of 
the viral PIC was suggested to be substituted by cellular 
proteins such as the Hsp70 (Agostini et al., 2000). Re- 
cently, it has been reported that the Vpr protein induces 
transient and localized herniations in the nuclear enve- 
lope, and this process— as was suggested — provides a 
portal for PIC entry into the nucleus (de Noronha et aL, 
2001). 

Vpr is a small protein that is composed of 96 amino 
acids with a molecular weight of approximately 11 kDa 
(Yuan ef aL, 1990; Baldrich-Rubio et aL, 2001). Several 
studies have shown that nuclear accumulation of this 
protein may be promoted by both the N- and the C- 
terminal domains (Jenkins et aL, 1998). In our previous 
study we used peptides derived from the Vpr to better 
characterize its NLS region (Kami et aL, 1998). We syn- 
thesized peptides corresponding to the N- (residues 17 
to 34) and C-terminal (residues 77 to 96) regions and 
designated them as VprN and VprC, respectively Indeed, 
peptides derived from the N-terminal region of Vpr, but 
not from its C terminus, promoted the entry of covalently 
attached, labeled BSA molecules into nuclei of perme- 
abilized HeLa cells (Kami ef aL, 1998). Our results — 
which were consistent with previously published obser- 
vations (Jenkins ef aL, 1998)— indicated that the Vpr 
protein harbors a nonconventional, negatively charged 
NLS in its N terminus (Kami ef aL, 1998; Jenkins et aL, 
1998). Nuclear import of the BSA-VprN conjugates was 
found to be energy and temperature dependent and was 
inhibited by wheat germ agglutinin (WGA), demonstrating 
that the observed import is an active process and occurs 
via the NPC. 

Antibodies and peptides that specifically mask the 
NLSs of the HIV-1 karyophilic proteins and thus inhibit 
their function may offer an alternative and novel ap- 
proach to elucidating the exact role of the Vpr protein as 
well as its relative contribution to the nuclear import 
process of the HIV-1 PIC. Furthermore, such studies may 
help in gaining a better understanding of the spatial 
rearrangement of the karyophilic proteins within the PIC 
complexes and their relative susceptibility to external 
ligands. This approach may also be useful for obtaining 
anti-viral drugs. 

Here we have applied the phage display technology 
and used a single chain Fv (scFv) phage display library 
for isolation of scFv fragments against the VprN se- 
quence. The library used in the present work is of a 
diversity >10 8 and was built by the use of a repertoire of 
in vitro rearranged human VH gene segments with ran- 
dom nucleotide sequences encoding the CDR3 domain 



(length of 4-12 residues) (Nissim et aL, 1994). Using this 
library we have been able to select more than 40 phages 
bearing specific anti-VprN scFvs. The present results 
show that the anti-VprN scFvs recognized the VprN pep- 
tide. They did not, however, recognize peptides bearing a 
mutated VprN or other NLSs, such as that of the SV40 
large T-antigen (SV40 NLS). The anti-VprN scFv frag- 
ments strongly inhibited import mediated by the VprN 
peptide but not by the SV40 NLS. Furthermore, the anti- 
VprN scFvs were able to specifically bind to and inhibit 
nuclear import of a recombinant full-length Vpr-GST fu- 
sion protein. 

RESULTS 

Selection of phage particles that possess specific 
binding to the VprN peptide 

The BSA-VprN nuclear conjugates (see Materials 
and Methods; Kami et aL, 1998) was used by us as a 
target for selecting anti-VprN phage particles from a 
semisynthetic phage display scFv library (Harrison et 
aL, 1996; Nissim ef aL, 1994). The BSA-VprN conjugate 
was employed because attempts to use the free VprN 
peptide as a target for the library were unsuccessful 
(data not shown). To assure the selection of VprN- 
binders and to exclude BSA-binders, phages selected 
by the first-round panning were incubated with immu- 
noblots coated with BSA molecules, and then unbound 
particles were collected (see Materials and Methods). 
This strategy significantly increased the percentage of 
specific VprN-binders, which were around 7% of the 
total particles screened, compared with the only about 
0.5% obtained when the BSA panning step was omit- 
ted. This double selection assured the isolation of 
phage particles which possessed selective and spe- 
cific affinity for the VprN sequence as demonstrated by 
ELISA tests. Only those VprN-binders which exhibited 
high and selective binding for BSA-VprN and not to the 
other NLS-BSA conjugates were considered specific 
binders for further analysis. BSA conjugates carrying 
peptides with unrelated sequences were used to de- 
tect unspecific binders (see Materials and Methods 
and Fig. 1). 

The results in Fig. 1 A show that several colonies (1-4, 

11) indeed possessed specific binding to VprN, while 
other colonies also were able to bind other NLS-BSA 
conjugates in addition to VprN (colonies 6-9) or did not 
bind to any of the target molecules used (colonies 5, 10, 

12) . In our experiments over 40 specific binders, namely 
phages which bind to VprN exclusively and not to other 
NLSs, were selected (not shown). Quantitative estima- 
tion of the binding abilities of three phage colonies (des- 
ignated as phages A, B, C), which were chosen for their 
strong and specific binding to the target sequence, are 
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FIG. 1. Binding of selected phage colonies to the BSA-VprN conjugate. (A) Binding was estimated by the ELISA assay system (see Materials and Methods). 
Numbers indicate individual phage colonies. The OD values were determined by an ELISA reader and converted to a gray scale. Note that black and white fields 
indicate strong and no binding, respectively; gray fields indicate binding of intermediate strength. Also note that phages 1-4 as well as 11 exhibited strong and 
specific binding to the VprN sequence. (B) Specific binding of the three selected phage colonies used in the present work to the BSA-VprN conjugate ® phage 
A; Q phage B; [3 , phage C). As can be seen, all three phage preparations specifically bound the BSA-VprN conjugate, but did not react with the BSA-VprN mutant 
or the BSA-SV40 NLS. All experimental conditions were as described under Materials and Methods. MPBS, milk (skimmed milk 2%) in PBS. 



shown in Fig. 1B. These three colonies showed binding 
abilities to the VprN about 10-fold higher than those to its 
mutant (which differs from the wild-type peptide only by 
three amino acids; see Materials and Methods) or to an 
unrelated NLS, such as the SV40 NLS. 



Anti-VprN scFv fragments possess high and specific 
binding abilities to the VprN peptide 

Highly purified scFvs with the appropriate molecular 
weight (MW of 30 kDa) were obtained from phages A, B, 
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FIG. 2. [I] SDS-PAGE of the purified anti-VprN scFvs. scFv fragments 1, 2, and 3 (lanes 1-3, respectively) were analyzed using a 12% acrylamide 
gel. Please note that fragment 1 is of the lower molecular weight due to the fact that its random CDR3 insert contains only 4 amino acids compared 
to the 10 amino acids of fragments 2 and 3. [II] Interaction of the anti-VprN scFv fragments with the BSA-NLS conjugates (A) Binding of fragments 
1, 2, and 3 to various BSA-NLS conjugates: fragment 1 ; □, fragment 2; ■, fragment 3. (B) The effect of the scFv fragment concentrations on binding 
to BSA-VprN: fragment 1 ; ■, fragment 2; A, fragment 3. Binding was estimated using the ELISA system as described under Materials and Methods. 



and C following the use of Sepharose beads with chem- 
ically attached BSA-VprN conjugates and were desig- 
nated fragments 1, 2, and 3, respectively (Fig. 2[l] and see 
Materials and Methods). 

Binding studies revealed that all three purified scFv frag- 
ments were able to specifically bind to the BSA-VprN con- 
jugate but failed to show any significant binding to the BSA 
(nonconjugated) molecules, indicating specific attachment 
to the VprN moiety of the conjugate (Fig. 2[II,A]). Binding 
was saturable, reaching maximum values at a concentra- 
tion of 1 ;llM with fragments 1 and 2 and at 2 jxM with 
fragment 3 (Fig. 2[II,B]). The highest binding specificity and 
binding values were exerted by fragment 1, which showed 
an about 100-fold higher binding to the BSA-VprN conju- 
gate than to conjugates bearing the VprN mutant or the 
SV40 NLS (Fig. 2[II,A]). The binding specificities of frag- 



ments 2 and 3 were somewhat less pronounced. Both 
exhibited, in addition to the high binding values to VprN, 
some low, yet detectable binding to the VprN mutant and to 
the SV40 NLS (Fig. 2[II,A]). 

Binding of the three scFv fragments to their antigen, the 
VprN(-BSA) molecule, was inhibited by the addition of 
soluble BSA-VprN conjugates or free VprN peptides (Fig. 
3). However, the BSA-VprN conjugates competed with and 
blocked the specific binding of the scFvs much better than 
the free VprN peptides (Fig. 3). As can be seen, binding of 
fragment 1 to its antigen was inhibited up to 90% in the 
presence of about 5 ;llM BSA-VprN, while more than 15 fxM 
was needed to exert the same inhibition by the free VprN 
peptide. The high inhibitory effect of the BSA-VprN conju- 
gate—compared to that of the free VprN peptide— can be 
attributed to the fact that each BSA molecule bears about 
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FIG. 3. Binding of the anti-VprN scFv fragments to a surface-bound BSA-VprN conjugate: specific inhibition by soluble BSA-VprN conjugate and 
VprN peptide. BSA-peptide conjugates and free peptides were mixed with fragments 1-3 at the indicated increasing concentrations. The mixture 
obtained was added to surface bound BSA-VprN conjugates. Following incubation for 2 h at 37°C, binding of the scFv fragments to the 
surface-attached BSA-VprN was estimated by the ELISA assay system as described under Materials and Methods. #, BSA-VprN conjugate or the 
VprN peptide; A, BSA-SV40 NLS conjugate or the SV40 NLS peptide; and ■, BSA-VprN mutant conjugate or the VprN mutant peptide. A, D, fragment 
1; B t E, fragment 2; C, F, fragment 3. 



three or four covalently attached VprN peptides (Friedler et 
ai, 1999). No or low inhibition was observed by the addition 
of a peptide bearing the sequence of the VprN mutant, by its 
BSA conjugate, or by the free SV40 NLS peptide or its 
conjugate (Fig. 3). 



Inhibition of VprN-mediated nuclear import by 
anti-VprN scFv fragments 

The results in Figs. 4[l] and 4[ll] show that the addition 
of purified anti-VprN fragments to the in vitro nuclear 
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import assay system inhibited VprN-mediated nuclear 
import. Inhibition of nuclear import was also observed 
when fragment 2 was comicro injected with BSA-VprN 
into intact cultured COS7 cells (Fig. 5). Anti-VprN frag- 
ment 2 was selected for most of the experiments in 
which inhibition of nuclear import was studied since it 
showed the highest binding activity to the recombinant 
Vpr-GST and high binding activity to BSA-VprN (see Fig. 
6A). However, the inhibitory effects obtained when frag- 
ment 1 or 3 was applied (see Fig. 4[ll]) were very similar 
to those obtained with anti-VprN fragment 2. 

The photographs in Fig. 4[l] demonstrate the inhibition 
of nuclear import of fluorescently labeled BSA-VprN (FL- 
BSA-VprN) conjugates in permeabilized HeLa cells by 
fragment 2. The specificity of the scFv fragments can be 
inferred from the results showing that no inhibition was 
observed when BSA conjugates bearing a different NLS, 
such as that of the SV40 NLS, were used as the transport 
substrate (Fig. 4[I]B, F). Nuclear import of the BSA-VprN 
conjugate was characterized by the same features that 
characterize specific and active nuclear import, namely, 
like the nuclear import of BSA-SV40 NLS, it was inhibited 
by the addition WGA and did not occur at 4°C (Fig. 4[I]C, 
D, G and H) (Goldfarb et aL, 1986; Kami et aL, 1998). 
Quantitative estimation of nuclear import using an 
ELISA-based assay system (Kami et aL, 1998) revealed 
that the inhibition observed by the three anti-VprN frag- 
ments was between 70 and 90% and close to 0% when 
the BSA-VprN and BSA-SV40 NLS conjugates were 
used as transport substrates, respectively (Fig. 4[ll]). 

Similar results were obtained when the effect of the 
scFv fragments was studied within the environment of 
intact cells. As can be seen in Fig. 5, microinjected 
FL-BSA-VprN as well as fluorescently labeled BSA-SV40 
NLS (FL-BSA-SV40 NLS) conjugates readily accumu- 
lated within the intranuclear space of the microinjected 
cells (Figs. 5A and 5B). No nuclear import was observed 
when labeled BSA molecules lacking an NLS peptide 
were microinjected (Fig. 5E). However, when the same 
transport substrates were comicroinjected with fragment 
2, complete inhibition of nuclear import was observed in 
the cells microinjected with the FL-BSA-VprN (compare 
Fig. 5C to Fig. 5D). 
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The anti-VprN scFv fragments block nuclear import of 
the full-length recombinant Vpr-GST fusion protein 

The scFv fragments selected by the use of the BSA- 
VprN conjugate as a target also recognized a full-length 
recombinant Vpr-GST fusion protein. Binding of frag- 
ments 2 and 3 to the Vpr-GST fusion protein was very 
close to that observed to the BSA-VprN conjugate (Fig. 
6A). Fragment 1 showed somewhat lower binding abili- 
ties to the recombinant protein compared to the binding 
observed with the BSA-VprN conjugate (Fig. 6A). Spec- 
ificity of binding can be inferred from the results shown 
in Figs. 6B and 6C. Binding of all three scFv fragments to 
the Vpr-GST was strongly inhibited by the addition of the 
VprN peptide (Fig. 6B) as well as of the BSA-VprN con- 
jugate (Fig. 6C). No or marginal inhibition was observed 
when the VprN mutant peptide or its BSA conjugate was 
added (Figs. 6B and 6C). These results strongly indicate 
that the domain with which the scFv fragments interact 
within the full-length Vpr protein is the VprN, namely the 
domain which includes amino acids 17-34 (Kami et aL, 
1998). Figure 6 also shows that to inhibit the binding of 
the scFv fragments to the Vpr-GST, much lower concen- 
trations of the BSA-VprN conjugate were required com- 
pared to those of the VprN peptide. This observation is 
consistent with the results obtained by the competition 
experiment shown in Fig. 3. 

Inhibition of the nuclear import of the fluorescently 
labeled recombinant Vpr-GST fusion protein by fragment 
2 is demonstrated in Fig. 7. The same results were 
obtained using fragments 1 and 3 (not shown). The view 
that the nuclear import of the recombinant Vpr-GST pro- 
tein is receptor mediated and occurs via the nuclear pore 
complex can be inferred from the results showing that it 
was inhibited by WGA— the addition of which blocks 
active nuclear import (Adam et aL, 1990)— and by unla- 
beled Vpr-GST fusion protein (Figs. 7C and 7D). Nuclear 
import of Vpr-GST was characterized by the same fea- 
tures that characterize active nuclear import; namely, it 
was ATP dependent, it was partially inhibited by GTP-y-S, 
and its extent was significantly reduced following incu- 
bation at 4°C (not shown). 



FIG. 4. [I] Inhibition of VprN-mediated nuclear import in permeabilized HeLa cells by anti-VprN scFv fragment 2. Nuclear import was followed by 
fluorescence microscopy using FL-BSA-VprN (A) and FL-BSA-SV40-NLS (E) as transport substrates; (B) and (F) as in (A) and (E) but in the presence 
of fragment 2 at a molar ratio of scFv:transport substrate of 2:1; (C) and (G) as in (A) and (E) but in the presence of WGA (25 jtM); (D) and (H) as in 
(A) and (E), but nuclear import was performed at 4°C. As can be seen, nuclear import is observed in (A, E, and F) but not in {B-D, G, and H). It should 
be noted that although the results in the figure demonstrate specific inhibition at a relatively low scFv:transport substrate ratio (2:1), the specificity 
of inhibition was achieved also at higher ratios of at least up to 20:1. [II] Inhibition of VprN-mediated nuclear import by anti-VprN scFv fragments: 
quantitative estimation. Nuclear import assay systems contained 1.5 yu§ (—20 pmol) of biotinylated BSA-VprN and 0.75 (~10 pmol) /x,g of biotinylated 
BSA-SV40 NLS conjugates. A volume of 3-4 /xl containing increasing concentrations of fragment 1, 2, and 3 in PBS was added to the transport 
substrates, and the mixture obtained was applied to digitonin-permeabilized Colo-205 cells. Nuclear import of the biotinylated BSA-NLS conjugates 
was estimated by the ELISA-based method (Kami etaf., 1998; Melchiorefa/., 1993, and Materials and Methods). Each nuclear import experiment was 
repeated at least three times. The data given represent results obtained from one single experiment. Quantitative differences between repeated 
experiments never exceeded ±20%. White symbols designate biotinylated BSA-SV40 NLS conjugates; black symbols designate biotinylated 
BSA-VprN conjugates; • or O, anti-VprN fragment 1; A or A, anti-VprN fragment 2; ■ or anti-VprN fragment 3. 
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FIG. 5. Inhibition of VprN- mediated nuclear import in microinjected COS7 celts by anti-VpriM scFv fragment 2. Cultured COS7 cells were 
microinjected (Graessmann and Graessmann, 1983) with 2-3 ( " ,0H " 1,, ml of solutions containing the following: (A) FL-BSA-VprN, (B) FL-BSA-SV40 NLS, 
(C) a mixture of FL-BSA-VprN with fragment 2 at a 1 =2 molar ratio, (D) FL-BSA-SV40 NLS with fragment 2 at the same ratio as in (C) t (E) FL-8SA. Please 
note nuclear import in (A, B, and D) but not in (C and E). 



A synthetic peptide derived from the CDR3 insert of 
an anti-VprN scFv fragment binds the BSA-VprN 
conjugate but fails to inhibit its nuclear import 

It is possible that the binding to the VprN moiety and 
the inhibition of nuclear import exerted by the scFv frag- 
ments may be promoted, fully or partially, by the random 
amino acids inserted into the CDR3 loop of the scFv 
domain (Nissim etal., 1994). It was of interest, therefore, 
to elucidate the amino acid sequences of this insert and 



to study the binding abilities of synthetic peptides carry- 
ing these sequences. The corresponding amino acid 
sequences encoded by the variable insert in the VH- 
CDR3 region of the scFv in the 40 anti-VprN phages 
isolated were determined (not shown). However, no con- 
sensus sequence could be elucidated between the var- 
ious variable insert sequences determined using the 
Clastal W (Thompson etal., 1994) and MEME (Bailey and 
Elkan, 1994) algorithms. 



FIG. 6. Binding of the anti-VprN scFv fragments to the Vpr-GST fusion protein. (A) Binding of the scFv fragments to surface-bound BSA, to VprN-BSA 
conjugate, and to the Vpr-GST fusion protein was estimated using the ELISA assay system as described under Materials and Methods. ■, fragment 
1; □, fragment 2; • (gray), fragment 3. (B, C) Binding of the anti-VprN scFv fragments to the full-length Vpr-GST protein: specific inhibition the by 
VprN-BSA conjugate and by the VprN peptide. BSA-VprN or BSA-VprN mutant conjugates (B) and VprN or VprN mutant peptides (C) were added to 
the scFv fragment solutions at the indicated concentrations. The mixture obtained was added to surface-bound the Vpr-GST protein. Following 2 h 
of incubation at 37°C, binding of the scFv fragments to Vpr-GST was estimated by ELISA as described under Materials and Methods. Black symbols 
and solid lines: BSA-VprN conjugate or VprN peptide; white symbols and dashed lines: BSA-VprN mutant conjugate or VprN mutant peptide. ■ or 
□, fragment 1; • or O, fragment 2; k or A, fragment 3. 
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FIG. 7. Inhibition of nuclear import of FL-Vpr-GST by scFv anti-VprN fragment 2. Recombinant Vpr-GST was obtained, fluorescently labeled, and 
imported into nuclei of digitonin of permeabilized HeLa cells as described under Materials and Methods. (A) FL-Vpr-GST; (B) FL-Vpr-GST mixed with 
fragment 2 in a mole/mole ratio of 1:4; (C) FL-Vpr-GST mixed with WGA (25 fc-M); and (D) FL-Vpr-GST in the presence of fivefold unlabeled Vpr-GST. 



The amino acid sequences of the inserts within scFv 
fragments 1-3 are shown in Fig. 8A. Peptides correspond- 
ing to these inserts have been synthesized and designated 
as peptides a, b, and c, respectively (see Fig. 8A). Of the 
three synthetic peptides, only peptide b exhibited specific 
binding to the BSA-VprN conjugate, as was determined by 
the ELISA assay system (Figs. 8B and 8C). Peptides a and 
c, the sequences of which are based on the inserts within 



the two other BSA-VprN binders (A and C), failed to bind 
this conjugate (Figs. 8B and 8C). Binding of peptide b to the 
VprN sequence was saturable and reached maximum val- 
ues at a peptide concentration of 1 mM (Fig. 8C). However, 
its binding to VprN was only about two- to threefold higher 
than that observed with the VprN mutant or the SV40 NLS, 
implying that the interaction between peptide b and VprN is 
of low affinity (Fig. 8B). 
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FIG. 8. Interaction of the anti-VprN peptides with the BSA-NLS conjugates. (A) The oligonucleotide sequences of the three random inserts in the 
VH-CDR3 loop. (B) Estimation of the binding abilities of the anti-VprN peptides to various BSA-NLS conjugates (13 , peptide a; □, peptide b; ^ , 
peptide c). (C) Dependency of the binding to the BSA-VprN conjugate on the anti-VprN peptide concentrations (•, peptide a; peptide b; A, peptide c). 
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However, even at relatively high concentrations, the 
addition of peptide b did not cause any significant re- 
duction in the nuclear import of fluorescently labeled 
BSA-VprN conjugates into the nuclei of permeabilized 
HeLa cells (not shown). 

DISCUSSION 

The role that the Vpr protein plays in promoting nu- 
clear import of the HIV-1 PIC is unclear and controversial 
(Heinzinger et al., 1994; Popov et ai, 1998; Gallay et al., 
1997; Agostini et ai, 2000). The use of the presently 
described inhibitory anti-VprN scFvs may offer a new 
approach to the study of the requirement of the Vpr 
protein for allowing HIV-1 infection in nondividing cells 
and for the elucidation of the role of the Vpr protein in 
nuclear import of the viral PIC. In addition, inhibition of 
nuclear import of viral karyophilic proteins by specific 
anti-NLS molecules may lead to the development of a 
novel way to combat virus infection in general and the 
AIDS disease in particular. 

In the present work we have used a phage display 
scFv library to obtain specific anti-NLS scFv fragments. 
BSA molecules with covalently attached VprN peptide, a 
peptide bearing the NLS of the HIV-1 Vpr protein, have 
been used as a target for the phage display libraries. The 
relatively high percentage of VprN binding phages se- 
lected by the use of this conjugate as a target may be 
due to the fact that each molecule of the BSA carrier 
bears, on average, three to four covalently attached VprN 
molecules (Friedler ef al., 1999). Furthermore, the phage 
particles of the library used possess at the most one 
antibody fragment per particle, thus allowing the selec- 
tion of antibodies with relatively high affinities (Nissim ef 
al., 1994; Harrison et al., 1996). 

The choice of the VprN peptide as a target was based 
on the assumption that it harbors the HIV-1 Vpr NLS, 
since this peptide was shown to promote nuclear import 
of conjugated BSA molecules as well as of /3-galactosi- 
dase (Kami et ai, 1998; Jenkins ef a/., 1998). This syn- 
thetic peptide, which consists of the amino acids 17-34 
from the N-terminal domain of the HIV-1 Vpr protein, has 
been suggested to possess an a-helical structure, prob- 
ably similar to that within the intact protein (Luo et al., 
1998; Wecker and Roques, 1999). Bearing a relatively 
stable a-helical secondary structure makes the VprN 
peptide a convenient target for phage display libraries 
and for obtaining complementary scFvs or peptides. In- 
deed, the three anti-VprN scFv fragments analyzed in this 
study possessed high and specific binding activity to the 
VprN peptide. The scFvs obtained also interacted with 
the full-length recombinant Vpr-GST protein, most likely 
recognizing its VprN domain. This can be inferred from 



the results showing that the interaction between the scFv 
fragments and the recombinant Vpr-GST protein could 
be inhibited by the VprN peptide and by its BSA conju- 
gate. 

It is our view that the most interesting and significant 
observation of the present work is the ability of the 
anti-VprN scFvs to inhibit nuclear import mediated by the 
VprN peptide or of the recombinant Vpr-GST fusion pro- 
tein. Quantitative estimation, using an ELISA-based sys- 
tem, revealed that the inhibition degree was highly de- 
pendent on the mole/mole ratios between the scFv frag- 
ments and the VprN. At high molar ratios almost total 
inhibition of nuclear import was observed. 

The ability of the scFvs to bind to the VprN sequence 
as well as to inhibit nuclear import was highly specific. 
VprN-mediated but not SV40 NLS-mediated nuclear im- 
port was inhibited. Altogether these results strongly in- 
dicate that the inhibition observed is due to specific 
masking of the VprN moiety by the scFv fragments and 
thus prevention of interaction with its putative cellular 
receptors. In addition, the inhibition observed within the 
microinjected cells suggests that the intracellular envi- 
ronment did not promote dissociation of the scFv frag- 
ment-VprN complex, indicating a high affinity between 
these two proteins. 

The inhibition of nuclear import obtained in the 
present work by the three anti-VprN scFvs strongly indi- 
cates that the VprN domain indeed mediates nuclear 
import of the intact Vpr protein. The current view that the 
VprN domain is required for the nuclear import is based 
mainly on experiments showing that peptides bearing its 
sequence promoted nuclear import of nonkaryophilic 
proteins (Jenkins et al., 1998; Kami et al., 1998). Our 
present results, demonstrating the ability of the anti-VprN 
scFvs to totally block nuclear import of the full-length 
protein, support the view that the VprN domain is abso- 
lutely required for nuclear import of the Vpr protein. It has 
also been suggested that the C-terminal domain of the 
Vpr bears an NLS sequence that contributes to its karyo- 
philic properties (Jenkins ef al., 1998). However, in our 
previous experiments a synthetic peptide bearing an 
amino acid sequence from the C terminus of the Vpr 
protein (residues 77-96) failed to mediate nuclear import 
of covalently attached BSA molecules (Kami etai, 1998). 
Thus, the present results further support our previous 
observations indicating that only the N terminus contrib- 
utes to the karyophilic properties of this protein. How- 
ever, in the present work the Vpr protein was fluores- 
cently labeled by covalent attachment of a rhodamine- 
maleimide molecule to the cysteine residue located at 
the C terminus of this protein (amino acid 76) (Baldrich- 
Rubio et al., 2001), as well as to the additional cysteine 
residues located in the GST moiety of the Vpr-GST pro- 
tein. Therefore, the possibility that the chemical modifi- 
cation of the cysteine residue located at the C terminus 
(amino acids 73-96) (Jenkins et al., 1998) caused inacti- 
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vation of the putative NLS at this domain cannot be 
excluded. Moreover, the binding of the relatively high- 
molecular-weight anti-VprN scFv (30 kDa) fragment to the 
relatively small Vpr protein (11 kDa) may cause masking 
of most of the Vpr molecule, including the putative C- 
terminal NLS. Also, the GST fusion at the C terminus 
itself may mask the putative C-terminal NLS. Thus, our 
present results do not completely exclude the possibility 
that an additional domain within the Vpr protein, besides 
the VprN, may contribute to its karyophilic properties. 

Here we have used an isolated peptide, the VprN 
peptide, and not the full-length protein as a target for 
selecting anti-VprN scFv fragments. This certainly is pref- 
erable, especially in cases in which the availability of 
highly purified proteins is limited but the domains of 
interest and their amino acid sequences within such 
proteins are known. Furthermore, by the use of an intact 
protein as a target for a phage display library, the gen- 
eration of antibodies or peptides complementary to var- 
ious epitopes and not necessarily to the desired do- 
mains cannot be avoided. Our present results clearly 
demonstrate that the scFv fragments selected by the use 
of isolated peptide as a target recognized the same 
sequence within the intact protein. The drawback of this 
approach is that isolated peptides cannot be employed 
as a target when the desired epitope is discontinuous 
within the intact protein. However, when the detailed 3D 
structure of such discontinuous epitopes is known, back- 
bone cyclic peptides bearing the corresponding' struc- 
ture can be designed and synthesized. Such cyclic pep- 
tides can then be used as a target for the phage display 
library, avoiding again the use of the full-length protein 
(Kasher etal., 1999). 

- Cell-permeable anti-NLS inhibitory peptides may po- 
tentially offer an alternative system to that of the scFv 
fragments for study of the role of NLS domains in virus 
infection. Such inhibitory peptides may also serve as 
lead molecules for the development of anti-viral and 
anti-HIV drugs. Therefore, attempts were made in the 
present work to obtain synthetic peptides the amino acid 
compositions of which were based on the sequences of 
the CDR3 inserts of the three selected inhibitory scFvs. 
However, the peptides obtained either failed to bind the 
target VprN peptide or showed low binding affinities 
compared to that of the anti-VprN scFvs. The binding 
abilities of the anti-VprN peptides may be increased by 
error-prone PCR and mutagenesis techniques (Miyazaki 
etal., 1999; Saviranta etal., 1998; Harayama, 1998; Ling 
and Robinson, 1997) or alternatively by the use of phage 
display peptide libraries. Anti-VprN peptides that will 
block nuclear import of the viral PIC can serve as lead 
compounds for the obtaining of low-molecular-weight 
anti-Vpr molecules which potentially can be used for 
inhibition of HIV-1 infection. 
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MATERIALS AND METHODS 

Cell cultures 

Colo-205 (human colon adenocarcinoma, ATCC CCL 
222), COS7, and HeLa cells were maintained in RPMI 
1640 (Colo-205 cells) and DMEM (COS7 and HeLa cells) 
supplemented with 10% FCS, 0.3 g/L L-glutamine, 100 
U/ml penicillin, and 100 U/ml streptomycin (Beit Haemek 
Ltd., Kibbutz Beit Haemek, Israel), as previously de- 
scribed (Broder etal., 1997). 

Synthesis of peptides 

The following peptides were synthesized using a pre- 
viously described method (Kami et ai, 1998): SV40 large 
T-antigen NLS (SV40 NLS, 126 PKKKRKV 132 C) (Kalderon et 
ai, 1984), a peptide bearing the SV40 large T-antigen 
NLS in reverse order ("revertant") (C 132 VKRKKKPG 12e ), a 
peptide derived from the N terminus of the Vpr protein 
(VprN,C ie NEWTLELLEELKNEAVRHF 34 ) and one from its 
C terminus (VprC.C^RHSRIGVTRQRRARNGASRS 96 ), 
VprN mutant (C 16 NEATLELLPELKNPAVRHF 34 ) (Kami et 
ai, 1998), the HIV-1 Tat-NLS (the ARM sequence, 
C 48 GRKKRRQRRRAHQN 61 ), and a Tat short NLS 
(C 48 GRKKR 52 ) (Friedler et ai, 2000). Cysteine residues 
were added to the N or to the C terminus of the original 
NLS sequences. Peptides derived from the CDR3 ran- 
dom insert region of anti-VprN scFv fragments (for se- 
quences see Fig. 8C) were synthesized using the same 
procedure, and when needed a biotin molecule was 
added during the synthesis to the N or C terminus. 

Chemical conjugation of the synthetic peptides to 
BSA, fluorescently labeled BSA (FL-BSA), and 
biotinylated BSA 

Conjugation of the synthetic peptides to rhodamine or 
biotin-labeled BSA molecules (Sigma Chemical Co. No. 
A-7906) was conducted as described before (Adam etal., 
1992; Broder et ai, 1997). BSA was labeled with rhoda- 
mine (lissamine rhodamine B sulfonyl chloride, mixed 
isomers, from Molecular Probes) according to the man- 
ufacturer's instructions and as described before (Kami et 
ai, 1998). Biotinylated BSA molecules were purchased 
from Sigma. The conjugates obtained were concentrated 
using a VivaScience concentrator (Sartorius), MWCO 
50,000. 

Panning and screening of the phage display scFv 
library 

Panning of the human scFv phage display library (Har- 
rison etal., 1996; Nissim etal., 1994) was conducted as 
follows: to allow coating with the corresponding protein 
molecules, two immunotubes (5 ml, NUNC) were incu- 
bated overnight, in parallel, with rotation at room tem- 
perature, one with a solution containing the BSA-VprN 
conjugate and the other with a solution containing only 
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BSA, both at a concentration of 0.1 mg/ml in carbonate 
buffer (0.05 M Na 2 CO 3 /0.05 M NaHC0 3l pH 9.6). Follow- 
ing incubation, the tube coated with the BSA-VprN con- 
jugates was washed three times with 1X PBS and then 
incubated for 2 h at 37°C with 2% (w/v) skim milk (DIFCO) 
in 1X PBS (2% MPBS). After an additional three washes 
with 1X PBS, the phage library (4 ml in 1% MPBS) was 
added and the tube was incubated first for 30 min with 
and then for 1.5 h without rotation at room temperature. 
The supernatant was removed, and the tube containing 
bound phage particles was washed 10 times first with 
1X PBS-0.05% Tween 20 and then with 1X PBS. For 
elution of surface bound phages, a volume of 1 ml of 0.1 
M triethylamine was added and following incubation for 
10 min at room temperature with rotation, the triethyl- 
amine solution with the eluted phages was collected and 
mixed with 0.5 ml of 1 M Tris-HCI, pH 7.4. At the same 
time, the tube coated with the BSA molecules was 
washed with 1X PBS, incubated with 2% MPBS and 
again washed with 1X PBS as described above for the 
BSA-VprN-coated tube. The solution containing the 
eluted phages was then added to this tube and incu- 
bated first for 30 min with, and then for 1.5 h without 
rotation at room temperature. The supernatant was col- 
lected and used for further screenings using an ELISA 
assay system as described below. 

PGR for determination of the CDR3 random insert 
sequences and of the VH gene segments of the scFv 
fragments 

The CDR3 random insert sequence and the VH gene 
segments of the scFvs were elucidated following PCR of 
the scFv domain. DNA from bacteria infected with the 
selected phage particles was subjected to several 
rounds of amplification with 100 pM oligonucleotide 
primers (5CAGGAAACAGCTATGAC3 and 5GAATTTTCT- 
GTATGAGG3). The PCR products were purified using the 
High Pure PCR Product Purification Kit (from Boehringer 
Mannheim) according to the manufacturer's instructions. 
Purity and size (around 900 bp) of the products were 
verified by agarose gel electrophoresis. The purified PCR 
products were subjected to sequencing. 

Expression and purification of soluble anti-VprN scFvs 

Expression of soluble scFv fragments in phage-in- 
fected bacteria (HB2151) was performed as described 
before (Harrison et ai, 1996). The expressed anti-VprN 
scFvs were purified using CNBr-activated Sepharose (4 
Fast Flow from Pharmacia) to which BSA-VprN conju- 
gates were covalently linked according to the manufac- 
turer's instructions. A volume of 8-10 ml of the expressed 
scFv fragment preparations was mixed with 2 ml of the 
BSA-VprN-Sepharose beads and incubated with rota- 
tion for 1 h at 4°C. At the end of the incubation period the 
beads were washed with 10 ml of the following solutions: 



first with PBS, second with PBS-0.5 M NaCI, third with 
0.2 M Glycine, pH 6, and finally with 0.2 M Glycine, pH 5. 
The bound scFv fragments were eluted by incubation of 
the washed Sepharose beads with 5 ml of 0.2 M Glycine, 
pH 3, for 20-30 min at 4°C with rotation. Following 5 min 
of centrifugation at 1000 rpm, the supernatant obtained 
was immediately mixed with 1 M Tris-HCI, pH 7.4, dia- 
lyzed against 0.1 X PBS, and then concentrated 10X 
using the SpeedVac Concentrator. The purity of the scFv 
fragments was analyzed by SDS-PAGE (Laemmli, 1970) 
with Mini-PROTEAN 3 Cell (from Bio-Rad) using a 12% 
acrylamide gel (see Fig. 2[l]). 

Determination of ligand-NLS binding by the ELISA 
assay system 

The various ELISA assays used in the present work 
were— in general— carried out as follows (for further 
details see the legends to the figures): MaxiSorb plates 
(NUNC) were incubated overnight at 4°C with 200 /xl of 
a solution containing 25-100 jag/ml of the corresponding 
antigen (usually an NLS-BSA conjugate) in carbonate 
buffer (0.05 M Na 2 CO 3 /0.05 M NaHC0 3t pH 9.6). Follow- 
ing removal of the antigen solution, the plates were 
washed three times with 1 x PBS and were then blocked 
with 200 juJ of 2% BSA in 1 X PBS (for scFv fragments) or 
2% skim milk (DIFCO) in 1X PBS (for the peptides and 
phages) for 2 h at 37°C. Following three washes with 1 X 
PBS, the appropriate ligand in a total volume of 200 juJ of 
a blocking solution was added and the plates were 
incubated for another 2 h at 37°C (100 jul of phage 
supernatant mixed with 100 yucl 2% MPBS, 25 p,g/ml of 
scFv fragment solution in 2% BSA in 1X PBS, or 100 
jug/ml of peptide solution in 2% MPBS, if not specified 
otherwise). The plates were rewashed three times with 
1X PBS, and a volume of 200 jxl of the following re- 
agents—all dissolved in the appropriate blocking solu- 
tions—was added for detection of the antigen-ligand 
complexes: Avidin-POD (Roshe Diagnostics) for biotinr 
labeled molecules (1 U/ml), anti-Ml3 monoclonal anti- 
body (Amersham Pharmacia, 1:5000), for the bound 
phages, and a mix of mouse anti-myc antibody (Sigma, 
1:1000) with anti-mouse-HRP antibody (Sigma, 1:2000) 
for the scFv fragments. Following incubation for 1 h at 
37°C, the plates were washed three times with 1 x PBS 
and the appropriate substrate was added according to 
the manufacturer's instructions. Each of the binding ex- 
periments was repeated at least three times. However, 
the data given in the figures represent results obtained 
from one single experiment. Quantitative differences be- 
tween repeated experiments never exceeded ±15%. 

Quantitative estimation of nuclear import 

Nuclear import was quantitatively determined by the 
ELISA-based method using biotinylated BSA-NLS trans- 
port substrates as described before (Melchior ef ai., 
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1993) and in Friedler et al. (1998), with the below-de- 
scribed modifications. The Colo-205 cells were perme- 
abilized using 1 ml of 40 jxg/ml digitonin (Fluka) per 10 7 
Colo-205 cells as follows: half of the volume of the 
digitonin solution was applied and the remaining volume 
was added gradually in portions of 100-200 jxl. After 
each addition a sample of cells was examined by phase 
microscopy, and when 70-80% of the cells appeared 
permeabilized, the process was terminated by 50- to 
100-fold dilution with cold transport buffer (Melchior et 
al., 1993). 

Expression and purification of the Vpr-GST fusion 
protein 

A bacteria culture (strain AN3347) carrying a plasmid 
bearing the Vpr-GST fusion protein (Piller et al., 1996) 
was grown with 2X TY medium supplied with 100 jmg/nnl 
of ampicilin at 37°C with shaking (225 rpm) until it 
reached an optical density of 0.9 at 600 nm. Protein 
expression was induced by 0.1 mM I PTG, and the culture 
was grown overnight (about 16 h) at 28°C with shaking 
as above. Following centrifugation (12,000 g, 15 min, 
Sorvall), the pellet obtained was suspended in 10 mM 
Tris-HCI buffer (1/100-1/50 of the original volume of the 
culture) and subjected to six 1-min cycles of sonication. 
The turbid solution obtained was centrifuged as above, 
and the supernatant obtained was added to preswelled 
glutathione-agarose resin (Sigma, No. G4510) in a vol/vol 
ratio of about 1 ml resin/20 ml solution and incubated 
with rotation overnight at 4°C. The agarose resin was 
then intensively washed in batches with 1 x PBS (50-100 
ml of 1X PBS per 1 ml resin), and the bound Vpr-GST 
was eluted by incubation of the washed resin with 1X 
PBS containing 30 mM of free Glutathione and 3 mM of 
DTT with rotation at 4°C for 1 h. The eluted protein was 
concentrated by VivaScience concentrators, MWCO 
30,000 (Sartorius) and stored at -20°C. 

Fluorescent labeling of the recombinant Vpr-GST 
protein 

The Vpr-GST fusion protein which was eluted from the 
glutathione-agarose resin was concentrated by Viva- 
Science concentrators (MWCO 30,000) to give a final 
concentration of 2.5-3.0 mg/ml, dialyzed for 2-3 h 
against 1X PBS at 4°C, and labeled with rhodamine- 
maleimide (Molecular Probes) according to the manufac- 
turer's instructions. Following 2 h of incubation at room 
temperature with rotation, the labeled Vpr-GST fusion 
protein (FL-Vpr-GST) was purified using Sephadex G-25 
fine (Pharmacia). The FL-Vpr-GST was concentrated 
again using VivaScience concentrators (MWCO 30,000) 
and stored at -20°C. 
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Abstract 

The HIV-1 regulatory protein Tat and the accessory protein Vpr are thought to stimulate viral replication and contribute to viral 
pathogenesis as extracellular proteins. Humoral immune responses to these early viral proteins may therefore be beneficial. We examined 
serum anti-Tat and anti-Vpr lgG by EL1SA in the GRIV cohort of HIV- 1 seropositive slow/non-progressors (NP) and fast-progressors (FP), 
and in seronegative controls. Based on information obtained during a brief follow-up period (median = 20 months), NPs were sub-grouped as 
those maintaining non-progression status and therefore stable (NP-S), and those showing signs of disease progression (NP-P). As the primary 
comparison, initial serum anti-Tat and anti-Vpr IgG (prior to follow-up) were analyzed in the NP sub-groups and in FPs. Anti-Tat lgG was 
significantly higher in stable NP-S compared to unstable NP-P (P = 0.047) and FPs (P < 0.0005); the predictive value of higher anti-Tat lgG 
for maintenance of non- progression status was 92% (P = 0.029). In contrast, no-difference was observed in anti-Vpr lgG between NP-S and 
NP-P, although both were significantly higher than FPs (P < 0.001). Serum anti-Tat lgG mapped to linear epitopes within the amino-terminus, 
the basic domain and the carboxy-terminal region of Tat in stable NP-S. Similar epitopes were identified in patients immunized with the 
Tat- toxoid in a Phase 1 study in Milan. High titer serum anti-Tat lgG from both GRIV and Milan cohorts cross-reacted in EL1SA with Tat from 
diverse viral isolates, including HIV- 1 subtype-E (CMU08) and SlVmac25 1 Tat; a correlation was observed between anti-Tat lgG titers and 
cross-reactivity. These results demonstrate that higher levels of serum anti-Tat lgG, but not anti-Vpr lgG, are associated with maintenance of 
non-progression status in HIV-1 infection. Evidence that vaccination with the Tat toxoid induces humoral immune responses to Tat similar to 
those observed in stable non-progressors is encouraging for vaccine strategies targeting Tat. 

© 2003 Editions scientifiques et medicales Elsevier SAS. All rights reserved. 
Keywords: HIV-1; GRIV; Tat; Vpr; Non-progression 



1. Introduction 

Development of a safe and effective vaccine for AIDS, 
even one that does not provide complete protection, is a top 
priority internationally. Although two large vaccine studies 
in humans targeting gp 120 are still in progress [25], vaccines 
based solely on outer coat proteins do not appear to be 
effective. Induction of cytotoxic T- lymphocyte (CTL) re- 
sponses to other more conserved viral proteins such as Gag 
now appear more promising [14] at least in the SHIV 89. 6 P 
model [9,54]. However, because smaller proteins contain 
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fewer potential CTL epitopes, viral escape may be a real 
problem with single target vaccine strategies [2,3,8]. Simi- 
larly, vaccines based on single small viral proteins may not 
always induce CTL responses in genetically diverse popula- 
tions. For these reasons, multi-subunit vaccines targeting 
several well-conserved key viral proteins may ultimately 
prove more effective. As a potential vaccine subunit, the early 
regulatory protein Tat is increasingly being incorporated in 
experimental vaccine studies, with mixed results in terms of 
outcome but clear immunogenicity [2,11,15,21,22,34,44, 
55]. In addition, other non-structural proteins such as Nef 
and Rev are also being studied as vaccine targets [18,23]. 
Despite varying results using Tat, Nef and Rev as vaccine 
targets in SHIV and SIY models of HIV-1 infection, the 
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frequent targeting of these viral proteins by CTL responses in 
humans with HIV-1 infection supports their further evalua- 
tion [1]. CTL targeting of Tat also appears to be important in 
the SIV model for control of primary viremia [3], and viral 
escape from immune selective pressure on Tat has been 
documented [2,3], Optimization of vaccination regimens 
may significantly improve the eflicacy of experimental vac- 
cines in the SHIV and SIV models [8,54]. Similarly, rational 
identification and incorporation of other potential viral pro- 
tein targets in experimental vaccines based on their conser- 
vation, importance in the viral life cycle and apparent immu- 
nogenicity in both cellular and humoral branches of the 
immune system — particularly in long-term non- 
progressors — may speed the development of an effective 
vaccine for AIDS. 

The HIV- 1 early regulatory protein Tat [5] is essential in 
the viral life cycle [12], and key functional domains of Tat are 
well conserved [19,20]. Tat is required to stimulate efficient 
elongation of viral transcripts, and acts as an RNA specific 
viral transcription factor to recruit the cellular transcriptional 
machinery via its interaction with the TAR RNA element 
present in all nascent viral transcripts [16] and host cellular 
proteins such as Cyclin-T/CDK9 [35]. Interestingly, Tat ap- 
pears to be expressed even prior to viral integration [63], and 
is capable of stimulating a variety of cellular genes as an 
intracellular protein [ 1 7]. The HIV- 1 accessory protein Vpr is 
also involved in viral transcription [58] and may interact with 
Tat directly [5 1]. In addition, Vpr is present in the virion [65], 
and acts as an immediate early protein to induce cell cycle 
arrest in G 2 and activate the viral LTR co-operatively with the 
Tat protein [51]. Vpr also appears to be involved in binding of 
the viral pre-integration complex to the nuclear pore complex 
[36], and may contribute to infectivity [53]. Like Tat, Vpr 
appears to be fairly well conserved [52], and although it is not 
essential for viral replication, mutations in Vpr impact viral 
replication adversely [50]. 

In addition to its intracellular activities, Tat is secreted 
from infected cells (Ensoli et al., 1993; Chang et al., 1997) 
and is present in serum [60,64]. Extracellular Tat is thought 
to exert numerous deleterious effects on the host immune 
system, including inducing immunosuppression [60,61] 
(Zagury, 1997). Interestingly, the HIV-1 accessory protein 
Vpr also appears to be present extracellularly [28], and may 
similarly exert immunomodulatory effects on the host im- 
mune system, including immunosuppression [6,29]. Because 
Tat and Vpr are present and apparently biologically active in 
the extracellular milieu, humoral immune responses to these 
viral proteins may impact viral replication and pathogenesis, 
and hence slow disease progression. Although both Tat and 
Vpr appear to be targeted by cellular immune responses in 
humans [1,4,27], the humoral responses to these proteins 
appear to be somewhat different. A number of reports have 
demonstrated that antibodies to Tat are associated with non- 
progression to AIDS [39,40,49,66], and can block viral rep- 
lication in vitro [39]. In contrast, antibodies to Vpr have not 
been shown to be associated with non-progression to AIDS 



[42,43], although antibodies to Vpr can block induction of 
viral replication by Vpr in vitro [28]. In order to examine and 
compare the association of antibodies to Tat and Vpr with 
slow/non-progression to AIDS, we analyzed levels of serum 
IgG to these viral proteins in the GRIV cohort [24,38,46,66] 
of HIV-1 seropositive slow/non-progressors (NP) and fast- 
progressors (FP). Of particular importance in the analysis, 
NP samples were later sub-grouped based information ob- 
tained during a brief follow-up period (median = 20 months) 
as those maintaining non-progression status during 
follow-up and therefore stable (NP-S), and those showing 
signs of disease progression (NP-P). Initial levels of serum 
IgG to Tat and Vpr (prior to follow-up) were compared 
between the two sub-groups, and the predictive value of 
antibodies to Tat and Vpr in maintenance of non-progression 
status was determined. 

2. Materials and methods 

2.7. Human serum samples 

Human serum samples from HIV-1 seropositive 
slow/non-progressors (NP) and fast-progressors (FP) were 
obtained from the genetic resistance to human immunodefi- 
ciency virus (GRIV) cohort [24,38,46,66]. The GRIV cohort 
was established in France to identify immune responses and 
genetic polymorphisms associated with slow/non- 
progression to AIDS, and consists solely of serum and 
PBMC DNA samples from HIV-1 seropositive Caucasian 
individuals. Briefly, NPs were defined as having CD4+ T-cell 
counts > 500 cells/pl, despite being HIV-1 seropositive for at 
least 8 years without the benefit of anti-retro viral therapy 
(ART). Based on information obtained during a brief 
follow-up period (median = 20 months), NPs were sub- 
grouped as maintaining non-progression status and therefore 
stable (NP-S), and those showing signs of disease progres- 
sion (NP-P); initial serum samples (prior to follow-up) were 
used for analysis of antibodies to Tat and Vpr in these sub- 
groups. FPs were defined as having CD4+ T-cell 
counts < 300 cells/ul within 2 years of seroconversion; some 
FPs received ART, including HAART regimens incorporat- 
ing protease inhibitors. Control serum samples were col- 
lected from HIV-1 seronegative Caucasians with informed 
consent at Mt. Sinai Medical Center (New York, NY, USA), 
and Hahnemann Hospital of Drexel University (Philadelphia, 
PA, USA). Seronegative and HIV-1 seropositive serum 
samples from patients immunized with the Tat toxoid were 
obtained from a Phase I clinical trial in Milan, Italy [21,22]. 

2.2. Recombinant Tat and Vpr proteins 

For analysis of anti-Tat IgG in the GRTV cohort, HIV-1 
IIIB (pCVl) 86 amino-acid Tat was expressed in E. coli as a 
non-fusion protein and purified under native conditions by 
cation exchange chromatography, phase separation and re- 
verse phase chromatography; the purified IIIB Tat was essen- 
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tially endotoxin-free by LAL assay (BioWhittaker, Walkers- 
ville, MD, USA). For reciprocal endpoint dilution and cross- 
reactivity ELISA, HIV-1 IIIB (pCVl) 86 amino-acid Tat, 
HIV-1 subtype E (CMU08) Tat, full-length S/HIV 89.6P Tat 
and a truncated 86 amino-acid 89.6P Tat, and SIVmac251 Tat 
were expressed in E. coli as N-terminal polyhistidine fusion 
proteins and purified essentially as previously described [44]. 
Briefly, polyhistidine Tat fusion proteins were purified ini- 
tially by metal-chelate affinity chromatography under dena- 
turing conditions. N-terminal polyhistidine fusion domains 
were then removed by Cyanogen Bromide (CnBr) cleavage 
and cleaved Tat proteins were re-folded at pH 5.0 by diafil- 
tration. Following endotoxin removal by phase separation, 
cleaved Tat proteins were further purified by cation exchange 
chromatography, desalted by reverse phase chromatography 
and lyophilized by freeze-drying. 

For analysis of serum anti-Vpr IgG, a cDNA encoding the 
96 amino-acid HIV-1 89.6 Vpr protein was first amplified by 
RT-PCR from total RNA of 89.6 infected PBMC. RNA was 
purified using Tri-Reagent (Sigma, St. Louis, MO, USA). RT 
was performed with 1 ug of total RNA and oligo dT priming 
using a GeneAmp RNA PCR kit (Applied Bio systems, Fos- 
ter City, CA, USA). PCR was performed using the primers 
Fl 5' cagaggatagatggaacaagc 3' and Bl 5' agcagttttaggct- 
gacttc 3' and the following conditions: a 105 s hold at 94 °C, 
then five cycles of 94737772° each for 30 s, followed by 30 
cycles of 94760772° each for 30 s, and 7 min extension at 
72°. A cDNA encoding the 89.6 vpr gene was then gel 
purified using a gel extraction quick kit (Qiagen, Chatsworth, 
CA, USA) and ligated directly into the pCR3.1 TA cloning 
vector (Invitrogen, Carlsbad, CA, USA). The 89.6 vpr coding 
sequence was then amplified by PCR using primers F2 5' 
ggatccgatggaacaagccccagaagac 3' and B2 5' cccaagcttctag- 
gatttactggctccatt 3', and sub -cloned into the BamHl and 
Hindlll sites of pRSETB (Invitrogen) for expression in 
E. coli as an N-terminal polyhistidine fusion protein. The 
sequences of 89.6 vpr clones were confirmed by automated 
sequencing. 89.6 vpr was expressed in BL21CodonPlusRIL 
cells (Stratagene, La Jolla, CA, USA) using the CE6 bacte- 
riophage system to deliver T7 RNA polymerase. N-terminal 
polyhistidine fusion 89.6 Vpr was purified by metal chelate 
affinity chromatography using Talon resin (Clontech, Palo 
Alto, CA, USA) under denaturing conditions and used di- 
rectly in ELISA. 

2.3. Tat peptides 

Overlapping IIIB (pCVl) Tat peptides were synthesized at 
Hahnemann Hospital of Drexel University; serines were used 
in place of cysteines. BH10 Tat peptides 86-\0\ and cys 
(20-39) were purchased from Tecnogen/Xeptagen, SpA, Pi- 
ana di Monte Verna (CE), Italy. 

2.4. ELISA 

Enzyme linked immunosorbent assay (ELISA) was per- 
formed essentially as previously described (Engvall, 1971; 



[44]). Briefly, Lockwell C8 Maxisorb 9 6- well micro titer 
plates (Nalge Nunc, Rochester, NY, USA) were coated for 
1 6 h at 4 °C with 0.5 ug/well Tat, Vpr or IIIB Tat peptides in 
50 ul of 50 mM Na2C03/NaHC0 3 pH 9.0. Plates were then 
washed 6* with 300 ul of I x PBS/0.05% Tween-20 using an 
automated 96-well microliter plate washer (Dynex, Chan- 
tilly, VA, USA); plates were washed similarly between each 
subsequent step. Plates were then blocked for 4 h with 250 ul 
of 1 x PBS/3% Immunoglobulin-free BSA (Sigma, St. Louis, 
MO, USA). Plates were washed again, and serum was added 
at a dilution of 1:500 in 50 ul of 1 * PBS/1% BSA/0.05% 
Tween-20 for 16 h at 4 °C while shaking gently; titers were 
determined similarly using a range of dilutions. Positive and 
negative controls were used on each plate as standards. Plates 
were then washed again, and secondary antibody was added 
in 50 ul of 1 x PBS/1% BSA/0.05% Tween-20 for 2 h at RT 
while shaking gently. Protein G-HRP (BioRad, Hercules, 
CA, USA) was used at 1:1000 dilution for anti-Tat and 
anti-Vpr IgG ELISA, including anti-Tat IgG titers, cross- 
reactivity and linear epitope peptide mapping ELISA. Each 
sample was run in duplicate or triplicate; results are reflective 
of two or more separate experiments. Each serum sample was 
tested in parallel on BSA coated wells; background BSA 
reactivity was subtracted from each sample's mean optical 
density in Tat, Tat peptide, or Vpr coated wells. Background 
subtraction was particularly important for peptide mapping. 
The signal to noise ratio was low for unvaccinated GRTV 
HIV-1 seropositive samples; without subtracting the back- 
ground and using seronegative controls in parallel it would be 
easy to conclude erroneously that all of Tat is immunogenic 
given higher backgrounds in many HIV- 1 seropositive GRTV 
samples, presumably due to higher levels of IgG overall 
coincident with viral infection. After background subtrac- 
tion, positivity in peptide mapping ELISA was determined 
based on a cutoff value calculated as the mean optical density 
reading of seronegative controls plus three standard devia- 
tions for each peptide. For cross-reactivity ELISA, samples 
were first determined to be positive or negative for each Tat 
protein based on a cutoff value determined as the mean 
optical density (O.D.) of HIV-1 seronegative controls (n = 9) 
plus three standard deviations. 

2.5. Statistical analysis 

Statistical analysis was performed using SPSS 10.0 (SPSS 
Inc., Chicago, IL) for Windows (Microsoft, Redmond, WA, 
USA). ANOVA with Dunnett's T3 correction for multiple 
comparisons was performed to compare serum anti-Tat and 
anti-Vpr IgG between groups; P- values are reported on an 
adjusted scale with significance set at - 0.05 (SPSS 10.0). 
As the primary comparison, differences in anti-Tat and anti- 
Vpr IgG were compared between the two NP sub-groups 
(NP-S and NP-P) and FPs by ANOVA with Dunnett's T3 
correction for multiple comparisons (three groups). The two 
NP sub-groups together comprise all the NP samples, with 
the exception of four NP samples for which follow-up infor- 
mation was unavailable; all samples were collected prior to 
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Fig. 1 . Serum anti-Tat and anti-Vpr IgG levels in the HIV-1 seropositive GRIV cohort and in seronegative controls. (A) Anti-Tat IgG was significantly higher 
in the slow/non-progressor (NP) sub-group stable during subsequent follow-up (NP-S) compared to both NP unstable during follow-up (NP-P; P - 0.047) and 
fast-progressors (FP; P < 0.0005). There was no difference in anti-Tat IgG between NP-S and seronegative controls, although levels were higher in seronegatives 
compared to FPs (P = 0.002). (B) There was no difference in anti-Vpr IgG between NP-S and NP-P, although levels in both were significantly higher compared 
to FPs (P < 0.0005). Anti-Vpr IgG levels were significantly lower in seronegative controls compared to NP-S, NP-P and also FPs (P < 0.0005). 



subsequent follow-up. Differences in distribution of NP-S 
and NP-P samples with high and low anti-Tat and anti-Vpr 
IgG were evaluated by Chi-square analysis. Correlations 
were assessed using Spearman's Rank test. 



3. Results 

3.1. Serum anti-Tat and anti-Vpr IgG 

In order to determine if humoral immune responses to the 
viral proteins Tat and Vpr are associated with slow/non- 
progression to AIDS, and/or maintenance of non-progression 
status, ELISA was performed to evaluate serum anti-Tat and 
anti-Vpr IgG in GRIV slow/non-progressors (NP), non- 
progressor follow-up sub-groups stable (NP-S) and unstable 
(NP-P), fast-progressors (FP) and seronegative controls 
(HIV-). Comparing all five groups, serum anti-Tat IgG was 
significantly higher in NPs overall (P < 0.0005) and the 
stable sub-group NP-S (P < 0.0005) compared to FPs (Fig. 
1 A). Although serum anti-Tat IgG was higher in the stable 
NP-S sub-group compared to unstable NP-P, the difference 
was not significant after correcting for comparisons between 
five groups (P ~ 0. 145). Surprisingly, serum anti-Tat IgG was 
also significantly higher in seronegative controls (HIV-) 
compared to FPs (P = 0.003). Similarly, anti-Tat IgG was not 
significantly different in seronegatives compared to NP over- 
all or the stable NP-S and NP-P sub-groups, suggesting 
natural IgG recognizing domains in Tat may be present prior 
to infection, as has been demonstrated with IgM [49]. 

Examining HIV-1 seropositive samples for serum anti-Tat 
IgG more closely, comparison of the NP sub-groups NP-S 
and NP-P, and FPs (three groups) revealed that anti-Tat IgG 
was significantly higher in stable NP-S relative to both un- 
stable NP-P (P = 0.047) and FP (P < 0.0005). As an addi- 
tional comparison, Chi-square analysis was performed with 



samples from NP-S and NP-P sub-groups classified as either 
anti-Tat positive or negative based on a cutoff value calcu- 
lated as the mean of the HIV-1 seronegative group plus two 
standard deviations (O.D. = 0.758). Chi-square analysis was 
also performed with samples from NP-S and NP-P sub- 
groups classified as either anti-Tat "high" or "low" based on 
a cutoff value calculated as the upper bound of the 95% 
confidence interval of the mean of the NP group overall 
(O.D. = 0.498). There was no difference in the distribution of 
anti-Tat positive samples between NP-S (13/102; 12.7%) and 
NP-P (1/25; 4%) by Chi-square analysis (P = 0.211). How- 
ever, the difference in distribution of anti-Tat "high" or "low" 
between NP-S (35/102; 34.3%) and NP-P (3/25; 12%) was 
significant (Table 1; P = 0.029). Furthermore, the predictive 
value of higher initial anti-Tat IgG (prior to follow-up) in 
ELISA for maintenance of non -progression status during 
subsequent follow-up was 92% (Table 1), comparable to 

Table 1 

Distribution of the NP sub-groups NP-S and NP-P with high and low 
anti-Tat and anti-Vpr IgG 



(A) 


NP sub-groups 


High anti-Tat IgG 


Low anti-Tat IgG 


Total 


NP-S 


35* 


67 


102 


NP-P 


3 


22 


25 


Total 


38 


89 


127 


(B) 


NP sub-groups 


High anti-Vpr IgG 


Low anti-Vpr IgG 


Total 


NP-S 


38** 


64 


102 


NP-P 


13 


12 


25 


Total 


51 


76 


127 



* Higher initial levels of anti-Tat IgG were 92% predictive of mainte- 
nance of non-progression status during subsequent follow-up; the number of 
NP-S with high anti-Tat IgG was significantly different than NP-P by 
Chi-square analysis (P = 0.029). 

** In contrast, higher initial levels of anti-Vpr IgG were not predictive of 
continued non-progression during follow-up; the number of NP-S with high 
anti-Vpr IgG was not significantly different than NP-P. 
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TREC, CD4+ T-cell count, viral load and p24 antigenemia 
[45]; the sensitivity was 34.3%. In contrast, the predictive 
value of lower initial anti-Tat IgG for progression was 24.7%, 
also comparable to TREC, CD4+ T-cell count, viral load and 
p24 antigenemia. Hence, high anti-Tat IgG levels were asso- 
ciated with slow/non-progression to AIDS, and higher initial 
levels of anti-Tat IgG were predictive of maintenance of 
non-progression status during a subsequent follow-up pe- 
riod. An inverse correlation was observed in NP-S between 
anti-Tat IgG and p24 antigenemia (r s = -0.467; P % < 0.0005), 
as previously reported [66]. 

A different pattern was observed with humoral immune 
responses to Vpr. Comparing all five groups, serum anti-Vpr 
IgG was significantly higher in NPs overall (P < 0.0005), the 
stable NP-S sub-group (P < 0.0005) and the unstable NP-P 
sub-group (P ^ 0.001) compared to both FPs and seronega- 
tive controls (Fig. IB). Anti-Vpr IgG was also significantly 
higher in FPs compared to seronegative controls 
(P < 0.0005). Examining HIV-1 seropositive samples for 
serum anti-Vpr IgG more closely, comparison of the NP 
sub-groups NP-S and NP-P, and FPs (three groups) revealed 
no difference between NP-S and NP-P sub-groups, unlike 
anti-Tat IgG, although both were higher compared to FPs 
(P < 0.0005). As an additional comparison, Chi-square 
analysis was performed with samples from NP-S and NP-P 
sub-groups classified as either anti-Vpr positive or negative 
based on a cutoff value calculated as the mean of the HIV-1 
seronegative group plus three standard deviations 
(O.D. = 0.586). Chi-square analysis was also performed with 
samples from NP-S and NP-P sub-groups classified as either 
anti-Vpr "high" or "low" based on a cutoff value calculated 
as the upper bound of the 95% confidence interval of the 
mean of the NP group overall (O.D. = 1 .07 1). There was no 
significant difference in the distribution of anti-Vpr positive 
samples between NP-S (79/102; 77.5%) and NP-P (21/25; 
84%) by Chi-square analysis (P = 0.364). Similarly, there 
was also no significant difference in distribution of anti-Vpr 
IgG "high" or "low" between NP-S (38/102; 37.3%) and 
NP-P (13/25; 52%) by Chi-square (Table 1; P = 0.178). 
Although the difference was not significant, clearly a differ- 
ent pattern was observed with antibodies to Vpr compared to 
Tat. Initial anti-Vpr IgG levels appeared to be somewhat 
lower in NP-S compared to NP-P; fewer NP-S had high 
levels of anti-Vpr IgG compared to NP-P on a percentage 
basis. There was no correlation between serum anti-Vpr and 
anti-Tat IgG levels. Hence, although higher levels of anti-Vpr 
IgG were associated with slow/non-progression to AIDS, 
higher initial levels of anti-Vpr IgG were not predictive of 
maintenance of non-progression status during a subsequent 
follow-up period. 

3.2. Linear epitope peptide mapping ELISA 

In order to identify linear epitopes within Tat recognized 
by anti-Tat IgG, peptide mapping ELISA was performed 
using linear overlapping peptides derived from HIV-1 IIIB 
(pCVl) Tat. Linear epitopes of serum anti-Tat IgG were 



mapped in HIV-l seronegative controls (n = 7), GRIV non- 
progressors stable during subsequent follow-up (NP-S; 
n - 19), unstable non-progressors (NP-P; n = 1), fast- 
progressors (FP; n = 3), and HIV-1 seronegative (n = 3) and 
HIV-1 seropositive (w = 8) Milan patients vaccinated with the 
Tat toxoid. GRIV samples used in peptide mapping ELISA 
had anti-Tat IgG against Tat protein designated as "high" in 
ELISA — defined as having a mean optical density above the 
upper 95% confidence interval of the NP group overall 
(O.D. = 0.498). For each sample, background subtraction of 
reactivity with BSA was performed prior to determining 
positivity. Positivity in peptide mapping ELISA was deter- 
mined for each peptide based on a cutoff value calculated as 
the mean optical density (O.D.) of seronegative controls plus 
three standard deviations. Anti-Tat IgG from GRIV stable 
NP-S recognized linear epitopes primarily within the arnino- 
terminus, the basic domain, and the carboxy-terminal region 
of Tat; several samples reacted with peptide 6.1 spanning the 
activation domain, but not a similar peptide "cy.v" containing 
cysteines (Fig. 2A). In contrast, anti-Tat IgG in fast- 
progressors (FP) and in a single unstable non-progressor 
(NP-P) mapped only to the basic domain (data not shown). 
Unvaccinated HIV-1 seronegative controls also recognized 
the basic domain of Tat to some degree, and perhaps the 
activation domain in a two samples (data not shown). In both 
seronegative and HIV-1 seropositive Milan patients vacci- 
nated with the Tat toxoid, anti-Tat IgG recognized linear 
epitopes primarily within the amino -terminus and the 
carboxy-terminal region, although some reactivity was ob- 
served with the basic domain; one sample also reacted with 
peptide 6.1 spanning the activation domain, but not a similar 
peptide "cys" containing cysteines (Fig. 2B). Interestingly, in 
addition to being present in fewer samples, reactivity with 
peptides overlapping the basic domain region was much less 
intense compared to the amino-terminus and carboxy- 
terminal regions; only a small boost in reactivity to the basic 
domain was detected after immunization, in three samples. 
Unlike GRIV HIV-1 seropositive NP-S, no reactivity was 
detected in Milan HIV-1 seropositives with peptide "86-" 
spanning the extended carboxy-terminal region present in 
some Tat proteins; this epitope was not present in the 86 
amino-acid Tat toxoid derived from IIIB (pCVl) Tat. 

3.3. Titers of serum anti-Tat IgG 

Titers of serum anti-Tat IgG were analyzed by serial 
endpoint dilution in ELISA. Titers were determined for 
GRIV NP-S (n = 1 1), NP-P (n = 1), and FP (n = 2) samples 
with "high" levels of anti-Tat IgG; one NP sample for whom 
follow-up information was unavailable was also tested. In 
addition, titers were determined for seronegative (n = 3) and 
HIV-1 seropositve (n = 7) patients vaccinated with the inac- 
tive, carboxymethylated Tat toxoid [21]. Unvaccinated se- 
ronegative controls (n = 6) were tested in parallel; the mean 
O.D. reading of seronegative controls plus three standard 
deviations was used as the cutoff for positivity at each dilu- 
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Fig. 2. Linear epitope peptide mapping ELISA of serum anti-Tat IgG. (A) Anti-Tat IgG in the GRTV HIV-1 seropositive non-progressor sub-group stable during 
subsequent follow-up (NP-S) maps to linear epitopes primarily within the ammo- terminus, the basic domain, and the carboxy- terminal region, and possibly the 
activation domain. (B) Anti-Tat IgG in seronegative and HIV-1 seropositive Milan patients vaccinated with the Tat toxoid maps primarily to linear epitopes 
within the amino- terminus and the carboxy-terrainal region, and to a lesser extent the basic domain. 



tion tested. Titers ranged from 1 : 500 to above 1 : 10,000 - the 
highest dilution tested (data not shown). 

3.4. Cross-reactivity of anti-Tat IgG 

Because Tat is a well-conserved protein and broadly reac- 
tive immune responses to viral proteins may be beneficial, 
particularly for vaccine induced immunity in different geo- 
graphic regions, the cross-reactivity of serum anti-Tat IgG 
with Tat proteins from diverse viral isolates was analyzed in 
ELISA. GRTV HIV-1 seropositive stable non-progressors 
(NP-S) and two fast-progressors (FP) with "high" levels of 
anti-Tat IgG were analyzed for cross-reactivity with a trun- 
cated 86 amino-acid S/HIV 89.6P Tat, full-length 102 amino- 
acid 89.6P Tat, HIV-1 subtype E (CMU08) Tat, and SIV- 
mac251 Tat in ELISA (Fig. 3 A). Anti-Tat IgG in a subset of 
GRIV NP-S and FP samples with "high" anti-Tat IgG levels 
cross-reacted in ELISA with the truncated 86 amino-acid 
89.6P Tat, and to a lesser extent the full-length 102 amino- 
acid 89.6P Tat Cross-reactivity was also apparent in several 
samples with HIV-1 subtype E (CMU08) Tat. One NP-S 



sample (136) reacted strongly with SIVmac251 Tat; this 
sample appears to recognize the extended carboxy-terminal 
region of Tat preferentially (data not shown). Cross- 
reactivity with the truncated 89.6P Tat was also observed in 
two FP samples with "high" levels of anti-Tat IgG; one 
sample also cross-reacted with full-length 89. 6P Tat, 
CMU08 Tat and SIVmac25 1 Tat. To determine if vaccination 
induces broadly cross-reactive antibodies to Tat, serum from 
seronegative and HIV-1 seropositive Milan patients immu- 
nized with the Tat toxoid were also examined for cross- 
reactivity with Tat from diverse viral isolates in ELISA (Fig. 
3B). Broad cross-reactivity was observed in a subset of Milan 
vaccines with the truncated 86 amino-acid 89. 6P Tat, full- 
length 102 amino-acid 89.6P Tat, CMU08 Tat, and with 
SIVmac25 1 Tat. A strong correlation was observed between 
serum anti-Tat IgG titers and cross -reactivity in ELISA 
(r s > 0.508; P s £ 0.01 1) in GRIV and Milan samples com- 
bined (n = 24). No correlation was observed between serum 
anti-Tat IgG titers or cross-reactivity with serum anti-Vpr 
IgG. 
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Fig. 3 . High titer serum anti-Tat IgG cross-reacts with Tat from diverse viral isolates in ELISA. (A) Anti-Tat IgG in GRIV NP-S cross-reacts to varying degrees 
with a truncated 86 amino-acid S/HTV 89.6P Tat, full-length 89.6P Tat, HIV-1 subtype E (CMU08) Tat, and SIVraac25 1 Tat; cross-reactivity was also observed 
in two GRIV FP samples with "high" levels of anti-Tat IgG. (B) Cross-reactivity of high titer anti-Tat IgG in HIV-1 seronegative and seropositive Milan patients 
vaccinated with the Tat toxoid. 

strate that there is a significant difference in anti-Tat IgG 
overall between unstratified NP-S andNP-P sub-groups. The 
difference in results between the two studies most likely 
reflects the use of a non-fusion Tat protein in ELISA in the 
current study, compared to the use of an N-terminal polyhis- 
tidine fusion protein in the previous study. The N-terminus of 
Tat is a key immunogenic domain in primates [44,55], and 
N-terminal polyhistidine fusion Tat proteins are considerably 
less reactive in ELISA compared to their non-fusion or 
cleaved Tat counterparts (data not shown). In addition, the 
predictive value of higher initial anti-Tat IgG levels for main- 
tenance of non -progression status was calculated, and found 
to be similar to that of TREC, CD4+ T-cell count, p24 
antigenemia and viral load [45]. 

In contrast to Tat, higher initial levels of antibodies to Vpr 
were not associated with maintenance of non-progression 



4. Discussion 

Our results confirm the association of higher initial levels 
of anti-Tat IgG with maintenance of non-progression status 
during a subsequent follow-up period (median = 20 months). 
This association was previously demonstrated in a slightly 
smaller number of stable GRIV non-progressors (NP-S; 
n = 78) by stratifying the NP group overall based on "high" 
and "low" antibody responses to Tat, and analyzing the 
distribution of NP-S and NP-P samples by Chi-square analy- 
sis [66]. Furthermore, using the same dichotomized variable 
approach in a multivariate regression model, antibody to Tat 
was the most prominent predictor of disease progression, 
followed by viral load, antibodies to p24, Tetanus-toxoid and 
Nef, and p24 antigenemia. However, there was no difference 
in mean or median levels of anti-Tat IgG overall between 
unstratified NP-S and NP-P sub-groups. Here we demon- 
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status during subsequent follow-up. In fact, although the 
difference was not significant, mean levels of anti-Vpr IgG 
overall and both the number of samples positive for anti-Vpr 
IgG and the number with "high" levels of anti-Vpr IgG were 
somewhat higher in the unstable NP-P sub-group compared 
to NP-S. These results are somewhat in agreement with 
previous studies that found no association of antibodies to 
Vpr with non-progression to AIDS, although no association 
was found with disease progression either [42,43]. Interest- 
ingly, a separate study demonstrated a rise in serum Vpr in 
HIV-1 infected patients in parallel with p24 antigenemia 
[28], as might be expected given the presence of Vpr in the 
virion [65], Hence, higher levels of anti-Vpr IgG in unstable 
NP-P may reflect higher viral loads and p24 antigenemia in 
this group compared to NP-S. These results do not preclude 
the potential benefit of humoral immune responses to Vpr 
earlier in infection; GRTV NPs overall had years of persistent 
infection (median =11 years) at the time of sample collec- 
tion, prior to follow-up. Indeed, although antibodies to Vpr 
were not predictive of maintenance of non-progression status 
during follow-up, higher levels were associated with 
slow/non-progression overall given significantly higher lev- 
els in both NPs compared to FPs. In view of evidence Vpr is 
targeted as frequently as Tat by CTL responses in humans 
[1,4], Vpr may warrant further evaluation as a vaccine com- 
ponent provided its potent immunosuppressive properties [6] 
can be removed by chemical or genetic modification. 

Unlike previous studies in the GRTV [66] and other co- 
horts were measured in parallel with HIV-1 seronegative 
controls, levels of antibodies to Tat and Vpr in the GRTV 
cohort [42,43]. The lack of a significant difference in levels 
of anti-Tat IgG even in stable NP-P compared to seronegative 
controls supports now considerable evidence of natural anti- 
bodies to Tat [47-49], and suggests they may not be limited 
to IgM. It is conceivable that innate immunity to Tat may 
contribute to maintenance of stable non-progression status, 
or may prime the humoral immune response for subsequent 
exposure to Tat antigen. Alternatively, the highly basic nature 
of Tat may cause a higher background in seronegative 
samples due to non-specific interaction with various serum 
components, for example rheumatoid factor. In contrast, lev- 
els of antibodies to Vpr were significantly lower in seronega- 
tive controls even compared to fast-progressors (FP). Innate 
immunity to Vpr therefore does not seem to be a consider- 
ation. Of note, despite the lack of association with stable 
non -progression status, antibody levels to Vpr were quite 
high overall compared to Tat. Vpr is clearly immunogenic, 
perhaps in part due to its presence in the virion, although at 
somewhat variable copy number [56]. 

Because higher levels of antibodies to Tat, but not Vpr 
were associated with maintenance of non-progression status, 
linear epitope peptide mapping ELISA was performed to 
identify key immunogenic domains of Tat recognized by 
stable NP-S and associated with maintenance of non- 
progression status. Anti-Tat IgG mapped to linear epitopes 
within the ammo-terminus, the basic domain and the 



carboxy -terminal region of Tat Some reactivity was also 
seen with peptides overlapping the activation domain and 
containing serines in place of cysteines, but not with a pep- 
tide spanning this region and containing cysteines. Similar 
results were obtained with both seronegative and HIV- 1 se- 
ropositive samples from individuals immunized with the Tat 
toxoid in a Phase I study in Milan, Italy [21,22]. We have 
previously observed a similar pattern of immunogenicity in 
rhesus macaques vaccinated with either HIV-1 IIIB or SHIV 
89.6P Tat or Tat toxoid [44,55]. As seen with 89.6P versus 
IIIB vaccinated macaques, GRIV NP-S sample reactivity 
with the carboxy -terminal region of Tat seemed to extend 
somewhat further compared to vaccinated Milan patient 
samples — even in HIV-1 seropositive samples; the Milan 
patients were vaccinated with a Tat toxoid derived from the 
86 amino-acid IIIB(pCVl) Tat, which has a truncated 
carboxy -terminus. Interestingly, unlike vaccinated rhesus 
macaques, [44,55] the Milan samples showed lower reactiv- 
ity with the basic domain of Tat compared to the amino- 
terminus and the carboxy-terminal region, and only a small 
boost in reactivity to the basic domain following vaccination. 
This may reflect differences in vaccine preparations; clearly, 
the basic domain is immunogenic in humans. For example, 
three GRIV fast-progressor (FP) samples and one unstable 
NP-P with "high" antibodies to Tat mapped in parallel with 
NP-S and Milan samples recognized the basic domain exclu- 
sively (data not shown). It is worth noting that Tat may also 
contain non-linear B-cell epitopes [32], for example possibly 
spanning the amino and carboxy I termini [7]. 

Domains of Tat corresponding to linear epitopes identified 
in peptide mapping ELISA are associated with distinct bio- 
logical activities of Tat. For example, the ammo-terminus 
may be involved in inducing immuno- suppression through 
an interaction with CD26 [62]. Similarly, the basic domain of 
Tat facilitates its cellular uptake (Chang et al., 1997), is a 
strong nuclear localization signal [57], and mediates the 
interaction between Tat and the TAR RNA element in Tat 
mediated LTR transactivation [16]. The carboxy-terminal 
domain of Tat has been implicated in Tat mediated induction 
of IL-2 production [33], apoptosis [10] and is required for 
maximal LTR activation [26,37,59]. Antibodies recognizing 
these functional domains of Tat may impair Tat's biological 
activities as an extracellular protein, decrease viral replica- 
tion and pathogenesis, and therefore contribute to mainte- 
nance of non-progression status. 

Other studies have reported different results with linear 
epitope peptide mapping of anti-Tat IgG in HIV- 1 infected 
humans. The entire Tat protein has been reported to be 
immunogenic [13,41]. However, these studies did not adjust 
for differences in background IgG reactivity, or use protein 
based blocking agents, although presumably they incorpo- 
rated standard ELISA rather than high binding plates. 
Clearly, individuals with viral infections frequently have 
higher levels of IgG in serum, and hypergammaglobulinemia 
is a feature of HIV-1 infection in some individuals [30,31]. 
We observed higher levels of background reactivity in HIV-1 
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seropositive samples compared to seronegative controls, and 
therefore subtracted background reactivity of each sample 
(including controls) prior to scoring samples for positivity 
based on the mean observed in seronegatives plus three 
standard deviations. It is quite possible this approach is too 
conservative and may miss relevant epitopes. However, our 
results in humans are in good agreement with epitopes iden- 
tified in Tat vaccinated rhesus macaques, and predicted using 
standard antigenicity algorithms. Furthermore, similar re- 
sults were observed in GRIV NP-S samples compared to 
Milan samples vaccinated with the Tat toxoid — with the 
exception of reactivity to the extended carboxy-terminus of 
Tat present in the majority of primary isolates but not present 
in the IIIB based Milan Tat toxoid. 

In order to determine how broad-based antibody re- 
sponses to Tat were, we examined the ability of anti-Tat IgG 
in GRIV and Milan samples to cross -react with Tat from 
diverse viral isolates in ELISA. Several GRIV NP-S samples 
with "high" levels of anti-Tat IgG cross-reacted with a trun- 
cated 86 amino-acid SHIV 89.6P Tat, and to a lesser extent 
the full-length 102 amino-acid Tat. In addition, cross- 
reactivity was observed in several samples with HIV-1 
subtype -E (CMU08) Tat, and in one sample with SIVmac25 1 
Tat, demonstrating the ability of anti-Tat IgG to recognize Tat 
from diverse viral isolates. Cross-reactivity was also ob- 
served in two FP samples with "high" levels of anti-Tat IgG, 
demonstrating that recognition of a single conserved domain 
alone may provide broad-based responses to diverse Tat 
proteins. It is also possible, however, that protection in vivo 
may require recognition of more than one conserved domain 
given the differences in linear epitopes identified in stable 
NP-S versus unstable NP-P and FPs. Milan Tat toxoid vac- 
cine samples also cross-reacted with diverse Tat proteins in 
ELISA. The larger, less homologous SIVmac251 Tat was 
less reactive in both GRIV and Milan samples compared to 
the SHIV 89.6P Tat and HIV-1 subtype E (CMU08) Tat. A 
strong correlation was observed with anti-Tat IgG titers and 
cross-reactivity with diverse Tat proteins. Similar results 
were observed previously with Tat vaccinated macaques 
[44,55]. 

5. Conclusions 

Humoral immune responses to the early HIV-1 regulatory 
protein Tat appear to be associated with maintenance of 
non-progression status in HIV-1 infection. Furthermore, vac- 
cination with the Tat toxoid induces humoral immune re- 
sponses to Tat similar to those present in stable GRIV 
• slow/non-progressors (NP-S). In contrast to Tat, humoral 
responses to the viral accessory protein Vpr do not appear to 
be associated with maintenance of non-progression status, 
although we cannot exclude the possibility they may be of 
benefit early in infection. Tat appears to be a more promising 
vaccine candidate at this point based on the immunogenicity 
of Tat in vaccine studies in rhesus macaques and humans, the 
association of humoral immune responses to Tat with main- 



tenance of non-progression status in humans, and the fre- 
quent targeting of Tat by CTL responses in humans and 
macaques. Evidence that Tat targeted immunization in the 
SIV model induced immune selective pressure leading to 
viral escape [2] is particularly encouraging. Similarly, al- 
though the rapid decline of CD4+ T-cells appears to preclude 
the potential role of Tat vaccine induced immune responses 
in controlling viral replication in the SHIV model [44,55], 
the immunogenicity of Tat in both humoral and cellular 
branches of the immune system was impressive. Further 
studies in SIV models of HIV-l infection using Tat as a 
component of a multi-targeted approach are underway, as are 
larger Phase I clinical trials of Tat toxoid alone in humans. 
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Vpr, encoded by the human immunodeficiency virus type 1 genome, contains 96 amino acids and is a mul- 
tifunctional protein with features which include cell cycle arrest at G 2J nuclear localization, participation in 
transport of the pre integration complex, cation channel activity, oligomcrization, and interaction with cellular 
proteins, in addition to its incorporation into the virus particles. Recently, structural studies based on nuclear 
magnetic resonance and circular dichroism spectroscopy showed that Vpr contains a helix (HI) -turn -helix 
(HII) core at the amino terminus and an amphipathic helix (Kill) in the middle region. Though the impor- 
tance of helical domains HI and HIII has been defined with respect to Vpr functions, the role of helical domain 
HII is not known. To address this issue, we constructed a series of mutants in which the HH domain was altered 
by deletion, insertion, and/or substitution mutagenesis. To enable the detection of Vpr, the sequence corre- 
sponding to the Flag epitope (DYKDDDDK) was added, in frame, to the Vpr coding sequences. Mutants, ex- 
pressed through the in vitro transcription/translation system and in cells, showed an altered migration cor- 
responding to deletions in Vpr. Substitution mutational analysis of residues in HII showed reduced stability 
for VprW38S-FL, VprL42G-FL» and VprH45W-FL. An assay involving cotransfection of NLAVpr pro viral DNA 
and a Vpr expression plasmid was employed to analyze the virion incorporation property of Vpr. Mutant Vpr 
containing deletions and specific substitutions (VprW38S-FL, VprL39G-FL, VprL42G-FL, VprG43P-FL, and 
VprI46G-FL) exhibited a negative virion incorporation phenotype. Further, mutant Vpr-FL containing dele- 
tions also failed to associate with wild-type Vpr, indicating a possible defect in the oligomerization feature of 
Vpr. Subcellular localization studies indicated that mutants VprA35-50-H-FL, VprR36W«FL, VprL39G-FL, 
and VprI46G-FL exhibited both cytoplasmic and nuclear localization, unlike other mutants and control Vpr- 
FL. While wild-type Vpr registered cell cycle arrest at G 2t mutant Vpr showed an intermediary effect with the 
exception of VprA35-50 and VprA35-50-H. These results suggest that residues in the HII domain are essential 
for Vpr functions. 



Members of the lentivirus family of retroviruses have been 
shown to contain nonstructural proteins of viral origin in ad- 
dition to the structural proteins in the vims particles, a feature 
noted with several DNA viruses (10, 15, 21, 27). Specifically, 
the virus particles produced by human immunodeficiency virus 
type 1 (HI V-l) have been shown to contain three nonstructural 
proteins, designated Vif, Vpr, and Kef (6, 10, 54). A recent 
study, however, has questioned the specific incorporation of 
Vif into the virus particles (II). The virion-associated protein 
Vpr has been an area of intensive research with respect to 
understanding Vpr's role in virus infection and a potential 
carrier molecule to transport peptides and proteins to the 
assembling and mature virus particles (10, 13, 17. 22, 27, 38, 41, 
44, 47, 55, 56). In addition to its ability to incorporate into virus 
particles (9. 10, 20, 21, 35, 45, 50), induction of apoptosis (1 , 2) 
and differentiation (26), cell cycle arrest at G 2 stage (18, 30, 41, 
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43), nuclear localization (12, 13, 16, 28, 34, 37, 57, 58), trans- 
port of the preintegration complex to the nucleus (19, 37), 
transcriptional activation (8), cation-selective channel activity 
(40), and interaction with several candidate cellular proteins 
(4, 5, 14, 16, 18, 42, 49, 50, 52, 58) are some of the features of 
Vpr. With regard to the number of molecules of Vpr present in 
the virus particles, it was reported earlier that Vpr is present in 
amounts similar to that of Gag (7) or reverse transcriptase 
(22). Utilizing an epitope-tagging approach, our laboratory 
showed that Vpr is presenc in small amounts (14 to 18 mole- 
cules per virion) in the vims particles (48). Further, it was also 
shown that the extent of incorporation of Vpr into the virus 
particles can be influenced by the expression level of Vpr in 
cells (24). 

Despite several studies, a correlation between the structure- 
function relationship of Vpr at the molecular level remains to 
be defined. Mutational analysis of Vpr, based on the secondary 
structure predicted by several algorithms, identified potential 
helical domains comprising residues 17 to 34 and 53 to 72 
which are required for virion incorporation, nuclear localiza- 
tion, stability, and oligomerization (.12, 31-35, 37, 57). Though 
the carboxyl-ierminal region of Vpr did not have a predicted 
structure (residues 79 to 96). this region plays a crucial role in 
the cell cycle arrest function and also contributes to the sta- 
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bility of Vpr (10, 13). The predicted secondary structure of Vpr 
was also supported by circular dichroism spectroscopy studies 
of generated peptides corresponding to the helical domains 
(29). Studies by Roques and coworkers recently have provided 
information regarding the structure of Vpr utilizing nuclear 
magnetic resonance (NMR) (45, 53). It was shown that the Vpr 
molecule contains three helical domains, HI, HII, and HIII, 
involving residues 17 to 29, 35 to 46, and 53 to 78, respectively. 

To address the role of helical domain HII, corresponding to 
the residues 35 to 46, on Vpr functions, a strategy involving 
deletion, insertion, and/or substitution mutagenesis was uti- 
lized. The data generated in this study indicate that HII is 
essential for the incorporation of Vpr into the virus particles. 
Further, Vpr harboring mutations in this domain failed to 
associate with wild-type Vpr, suggesting a role in the oligomer- 
ization function of Vpr. 

MATERIALS AND METHODS 

Cell lines. RD, a human rhabdomyosarcoma cell line, and Mcl^a, a human 
cervix epithelioid carcinoma cell line, were obtained from the American Type 
Culture Collection (Manassas, Va.). Cells were maintained in Dulbecco's mod- 
ified Eagle's medium (G1BCO BRL Laboratories, Grand Island, N.Y.) supple- 
mented with 1% L-ghiiamine, penicillin -streptomycin, and 10% fetal bovine 
seium at 37*C in 5% C0 2 . 

Construction of recombinant plasm ids containing variant Vpr. Vpr coding 
sequences, amplified through PCR using proviral NL4-3 .DNA as a template, 
were cloned into the expression vector pCDNA3 (lnvitrogen, Carlsbad, Calif.), 
The deletion, insertion, and substitution of amino acid residues in the Hll 
domain of Vpr were carried out by using PCR methodologies (31, 47). The 
details of the primers used for the generation of deletion and substitution 
mutants are available upon request. Sequences corresponding to the Flag 
epitope (DYKDDDDK) were added to the 3' end of the Vpr coding sequeuce 
to enable the detection of Vpr (46), Chimeric enhanced green fluorescent pro- 
tein (EGFP)- Vpr expression plasmids were generated by fusing EGFP coding 
sequences at the 5' end of the Vpr coding sequence. The integrity of plasmid 
DNAs was tested by application of a restriction enzyme followed by DNA 
sequence analysis. 

In vitro transcription/translation and RIPA of Vpr. The coupled T7 transcrip- 
tion/translation system (Promega, Madison, Wis.) was used foi assessing the 
expression of the protein directed by the Vpr clones. Incubation conditions were 
monitored according to the manufacturer's instructions. Radioimmunoprceipi- 
tation analysis (RIPA) of in vitro-translated proteins was carried out using 
polyclonal antiserum to the Flag epitope (Santa Cruz Biotechnology, Santa Cruz, 
Calif.) as described previously (47). 

Expression or Vpr in cells. HcLa cells (10 fi ) in 35-rnm-diameter petri dishes 
were infected with recombinant vaccinia virus VTF7-3 expressing T7 RN A poly- 
merase at a multiplicity of infection of 10 for 1 b. At the end of incubation, the 
virus inoculum was removed and the cells were washed witb phosphate-buffered 
saline (PBS). Vpr expression plasmids were transfected into cells using FuGEJNE 
6 transfection reagent (Roche, Indianapolis, Ind.). Forty-eight hours after trans- 
fection the cells were washed with PBS and lysec in RIPA buffer (50 mM 
Tiis-HC! [pH 7.6], 150 mM NaCI, 0.5% Triton X-100, 0.5% deoxychoiic acid, 
0.1% sodium dodecyi sulfate, 1 mM pbenylmetbylsulfonyl fluoride). Cell lysate 
was centrifuged to remove the cell debris. Estimation of the protein content of 
the cell lysate was carried out using Bradford reagent (Bio- R ad, Richmond, 
Calif.), and 150 jig equivalent of cellular proteins was subjected to immunoblot 
analysis. 

Immunofluorescence assay. HeLa cells seeded onto poly -L-lysine-coa ted cov- 
erslips in a 35-mm-diameler petri dish were infected with vaccinia virus vTF7-3 
and were transfected with Vpr expression plasmid DNA as described above. 
Twenty- four hours after transfection, the cells were washed with PBS and fixed 
in 4% paraformaldehyde at room temperature for 30 min. After being washed 
three times with PBS, the ceils were incubated with anti-Flag M2 monoclonal 
antibody-flu orescein isothiocyanate (FITC) conjugate (Sigma, St. Louis, Mo.) at 
3TC in a humidified incubator for 90 min. Following several washes with PBS, 
the cells were incubated with 4,6-diamidino-2-phenylindole (DAP1) (0.1 ugfrnl) 
to countcrstain the nuclei, washed three times with PBS, and mounted on glass 
slides using a Slow Fade anlifade reagent (Molecular Probes, Bugene, Oreg.), 
immunofluorescence was detected using a Zeiss Axiovert 100 inverted fluores- 
cence microscope with an attached Bio-Rad MRC 600 laser scanning confocal 
imaging system. To produce a merged image, each fluorochrome was recorded 
and the superimposed images were generated with Image -Pro software (Media 
Cybernetics, Silver Spring, Md.). 

Cell cycle studies. To assess the effect of mutant Vpr on the cell cycle, we 
utilized a chimeric protein approach in which EGFP was fused to the amino 
terminus of Vpr. Hel,a cells were transfected with EGFP-Vpr-encoding plasm ids 
by the calcium phosphate precipitation method (4#). At 48 h posttransfection, 



the cells were washed with PBS, trypsinized, diluted with PBS, and pelleted. The 
ceils were resuspended in PBS and were gated on the fluorescence-activated cell 
sorter (FACScan; Coulter Apex Elite, Hialeah, Fla.) for both the EGFP-posttive 
and -negative populations. The EGFP-positive and -negative cells were pelleted 
and resuspended in 80% ice-cold ethanol for 30 min. Following an additional 
wash with PBS, the cells were incubated in PBS containing RNase A (50 wg/mi) 
and propidium iodide (40 u.g/ml) for 60 min at 4*C. The cellular DNA content 
was analyzed with a FACScan apparatus. 'The DNA profile was analyzed by the 
Multicycle AV program (Phoenix Flow System, San Diego, Calif.). 

Transfection and generation of virus particles. HlV-1 proviral DNA (pNM-3) 
was modified to disrupt the expression of Vpr by an insertion (AATT) between 
residues 63 and 64 within the Vpr coding region (NLA Vpr). To generate virus 
particles containing wild-type or mutant Vpr, NLA Vpr proviral DNA was co- 
transfected with the respective Vpr expression plasmid by calcium phosphate 
coprecipitation method into RD cells (47). Similarly, co transfection of NL4-3, 
containing an intact open reading frame for Vpr, with Vpx expression plasmids 
was carried out to generate virus particles for assessing the association of mutant 
Vpr with wild-type Vpr. The vims panicles released into the culture supernatant 
were collected 120 h after transfection. The culture supernatants were precleared 
for 10 min at 10,000 rpm and subsequently spun at 40,000 rpm for 3 h using 
sucrose density gradient centrifugation. Virus pellets were tysed in lysis buffer 
(62.5 mM Tris-HCl [pH 6.8], 0.2% sodium dodecyi sulfate, 1% mere apt oetha- 
nol, 10% glycerol), and a p24 antigen assay was used to quamitate the amount of 
protein present in the virus particles. 

Immunoblot analysis. Virus samples, normalized on the basis of p24 antigen 
values obtained using an enzyme-linked immunosorbent assay (Organon 
Teknika, Durham, N.C.) were immunoprecipitated with polyclonal antiserum to 
Flag epitope (Santa Cruz Biotechnology) and protein A-Sepharose CL-4B (Am- 
ersham Pharmacia Biotech, Piscataway. NJ.) at 4°C overnight. The Sepharose 
beads were then washed and boiled in sample buffer for 5 min, and immuno- 
precipitated proteins were separated on NuPAGE 10% N,N- methyl enebisacryl- 
amide-Tris gel followed by transfer onto a nitrocellulose membrane. Membranes 
were blocked with 5% nonfat dry milk and incubated with rabbit polyclonal 
antiserum to flag epitope for 2 h. The membranes were washed three times for 
10 min each with TBST (20 mM Tris [pH 7.5], 500 mM NaCl, 0.05% Tween-20) 
and then probed with secondary antibody (anti-rabbit immunoglobulin AP con- 
jugate; Promega), washed again with TBST, and developed with CDP-Star as the 
cbemtlu tumescent substrate (Promega), 



RESULTS 

Structural features and generation of mutant Vpr. The pre- 
dicted secondary structure as indicated by several algorithms 
combined with site-specific mutagenesis studies showed that 
Vpr contains helical domains with a basic amino acid enriched 
C terminus (12, 31-35, 37, 57). Recently, Wecker and Roques 
(53) reported the structure of Vpr utilizing NMR spectroscopy 
(Fig. 1). The ammo-term jnaJ segment of Vpr comprising 
amino acids I to 51 has been shown to have three turns around 
the first three proline residues P5, P10, and PI 4. This is fol- 
lowed by a long helix-turn-helix motif encompassing residues 
17 to 46 with another turn extending from residues 47 to 49. 
The helix-turn-helix motif corresponds to residues 17 to 29 
(helica] domain; HI), 30 to 34 ((i-turn type IV), and 35 to 46 
(helical domain; HII). HII is less amphipathic than HI. The 
studies involving the C-terminal fragment of Vpr correspond- 
ing to residues 52 to 96 showed a long amphipathic helix 
(residues 53 to 78; HIII) followed by a less-defined domain 
extending from residues 79 to 96. 

With respect to the structure-function relationship of Vpr, 
molecular analyses involving site-speciftc mutagenesis have 
provided useful information (12, 31-35, 57). However, there is 
no information available regarding the role of residues present 
in the HII domain of Vpr. To evaluate the role of the residues 
in this domain, we have considered an approach involving a 
combination of deletion and site-specific mutagenesis. PCR- 
based methods were used to generate Vpr mutants lacking 1, 5, 
9, and 14 residues in the HII domain and the adjoining region 
(Fig. 1A). In addition, a variant containing a hinge region 
(GGSSG) in place of the deleted residues in the HTI domain 
was also generated. Further, to enable the detection of Vpr, 
sequences corresponding to the Flag epitope were fused in 
frame to the 3' end of the Vpr coding sequence. Substitution 
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F1G. 1. Schematic representation of wild-type and mutant Vpr. The sequences corresponding to the Flag epitope were added to the 3' end of the Vpr coding 
sequence. (A) The residues deleted from the Hll domain and the adjoining region and the designations of mutants are indicated. (B) Substitutional mutational analysis 
of residues in the Hll domain. 



Vpr mutants (Fig. IB) were also generated utilizing similar 
methods. 

Effect of mutations in helical domain II on Vpr expression. 
As the Vpr expression plasmid contains the 17 promoter up- 
stream of the coding sequences, the protein directed by each 
plasmid was tested using an in vitro transcription-coupled 
translation system (TNT; Promega). In vitro-translated pro- 
teins were immunoprecipitated with polyclonal Rag anti- 
serum. The mutant Vpr protein was detected at the same level 
as the wild-type Vpr-FL protein (data not shown). As expect- 
ed, the deletion of various numbers of amino acid residues (1 
to 14) resulted in mutant proteins with mobilities different 
from that of the wild-type Vpr-FL. We also utilized recombi- 
nant vaccinia virus vTF7-3 expressing T7 polymerase to study 
the effect of mutations in (he HII domain on the expression of 
Vpr in cells. vTF7-3 -infected HeLa cells were transfected with 
wild-type or mutant Vpr expression plasmids by FuGENE 6 
transfection reagent. Cell lysates, prepared 48 h after transfec- 
tion, were subjected to immunoblot analysis using Flag anti- 
bodies. Transfection with each of the deletion mutants resulted 
in detectable levels of Vpr-FL in cell lysate (Fig. 2 A). The 
electrophoretic mobilities of the mutant Vpr proteins were 
similar to those in the data for the corresponding proteins 
translated in vitro. Analysis of substitution mutants indicated 
that the protein directed by VprW38S-FL was higlily unstable 
(Fig. 2B). In addition, mutants VprW38A-FL, VprL39G-FL, 
Vprl>l2G-FL, and VprI46G-FL showed an altered stability in 
comparison to Vpr-FL. 

Incorporation of mutant Vpr into virus particles. To address 
the role of the HII domain in the virion incorporation property 
of Vpr, we employed an assay system involving the co transfec- 
tion of HIV-1 proviral DNA containing a Ixameshift mutation 
in Vpr coding sequences (NLA Vpr) and the Vpr expression 
plasmid into cells to generate virus particles. The rationale for 
the assay is that Vpr, expressed in trans, will be incorporated 
into the vims particles directed by HIV-1 proviral DNA. The 
virus particles released into the culture medium were centri- 
fuged and quantitated by a p24 antigen assay. The virus par- 
ticles were normalized on the basis of p24 antigen values and 
subjected to immunoblot analysis to monitor the extent of in- 
corporation of mutant Vpr into virus particles. The results 
showed that virion incorporation of Vpr deletion mutants is 
completely abolished (Fig. 3A). On the other hand. VprR36W- 
FL, VprD7G-FL, VprW33A-FL> VprH40W-FL> VprG43A-FL> 



and VprH45W-FL showed a positive virion incorporation phe- 
notype. Interestingly, VprW38S-FL, VprL39G-FL, VprL42G- 
FL, VprG43P-FL, and VprI46G-FL exhibited a reduction in 
virion incorporation in comparison to Vpr-FL (Fig. 3B)r 

It was earlier reported (59) that the oligomerization prop- 
erty of Vpr may involve HI and downstream residues. This 
implies that residues in the HII domain may contribute to the 
dimerization/oligomerization feature of Vpr. To address this, 
we utilized an assay system in which the association of Vpr-FL 
mutants with wild-type Vpr was measured. This is an indirect 
assay for monitoring the oligomerization capabilities of Vpr in 
cells. Vpr mutants that lack or exhibit a low level of virion 
incorporation are ideal candidates for this assay. For this pur- 
pose, HIV-1 proviral DNA ND1-3 was cotransfected with ei- 
ther a Vpr-FL- or Vpr-FL-encoding mutant plasmid. Since the 
Flag epitope is present only in Vpr directed by the expression 
plasmid and is absent in the Vpr directed by the proviral DNA, 
the detection of Flag epitope -containing Vpr in the virus par- 
ticles would indicate that Vpr-FL or a Vpr-FL mutant is in- 
corporated into the virus particles by itself and/or in associa- 
tion with wild -type Vpr. The immunoblot analysis of virus 
particles generated by cotransfection of NL4-3 and Vpr-FL 
showed that a protein with a molecular mass of 14 kDa was 
detectable with Flag antibodies. On the other hand, a Vpr-FL 
mutant was not detectable in the virus particles, indicating that 
Vpr mutants failed to associate with wild-type Vpr (Fig. 4A). 
Since the number of molecules of Vpr present in the virus 
particles is low (14 to 18 molecules per virion), it is likely that 
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HG. 2. Expression of wild-type and mutant Vpr. (A) Immunoblot analysis of 
Vpr in cells. HeLa ceils were infected with vaccinia virus vTF7-3 and transfected 
wi:h wild-type and mutant Vpr expression plasmids. Cell lysates were processed 
for immunoblot analysis as described in Materials and Methods. M, molecular 
mass markers (in kiJodaltons). Lanes: I, pCDNA3; 2, Vpr-FL; 3, VprA44-FL; 4, 
VprA42-46-FL; 5. VprA40-48-FL; 6, VprA37-50-FL; 7, VprA37-50-H-FL. Arrow, 
position of proteins, (B) Expression of Vpr harboring substitutions in Hll do- 
main in Me Lit cells. 
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FIG. 3. Immunoblot analysis of virus particles using antibodies against Flag 
epitope. Viral lysates normalized on the basis of p24 antigsa values were sub- 
jected to analysis following separation on Nu-FAGE 10% *V//-nietaylenebisac- 
rylamide-Tris gel and transfer to nitrocellulose membrane. (A) Virus particles 
generated through co transection of NLA Vpr and Vpr-FL aad mutant Vpr-FL 
expression plasmids. M, molecular mass markers (in kiiodakons). Lanes: 1, 
NLA Vpr; 2, NLA Vpr + Vpr-FL; 3, NLA Vpr + VprA44-FL; 4, NLA Vpr + 
VprA42-46-FL; 5, NLA Vpr * VprA40-48-FL; 6, NLA Vpr -r VprA37-50-FL; 
7, NLA Vpr + VprA37-50-H-FL. (B) Virion incorporation phenotypes of Vpr 
substitution mutants. 



overexpression of mutant Vpr through a heterologous pro- 
moter may mask the wild-type Vpr incorporation expressed 
through HIV-1 proviral DNA. This may result in the absence 
of mutant Vpr-FL in the virus particles. Considering this, we 
also utilized a cotransfection approach in which HIV-1 proviral 
DNA lacking Vpr expression (NLA Vpr) and wild -type and 
mutant Vpr expression plasmids were transfected into cells. 
This was based on our earlier work showing that the expression 
of Vpr in trans leads to efficient incorporation into virus par- 
ticles (392 to 550 Vpr molecules per virion). Hence, the ex- 
pression of wild -type Vpr and mutant Vpr-FL in trans may 
provide an opportunity to detect mutant Vpr-FL in the virus 
particles through its association with wild-type Vpr. The 
immunobiot analysis of virus particles derived from cells co- 
transfected with Vpr-FL detected a band reactive to Flag an- 
tisera. However, virus particles derived from cotransfection of 
NLA Vpr, wild-type Vpr, and mutant Vpr-FL containing dele- 
tions did not show a band (Fig. 4B). These results suggest that 
mutant Vpr-FL molecules containing deletions are defective 
for oligomerization of Vpr. The possibility that a transdomi- 
nant effect by mutant Vpr-FL on wild-type Vpr could also re- 
sult in the failure to detect mutant Vpr-FL in the virus particles 
existed. To investigate this, virus particles derived from co- 
transfection were analyzed using antibodies against Vpr. Such 
an analysis showed similar levels of Vpr except where NLA Vpr 
was cotransfected with the pCDNA 3 vector control (data not 
shown), ruling out an effect on virion incorporation of wild- 
type Vpr. 

Subcellular localization of Vpr. It is Likely that the lack of 
incorporation of Vpr mutant into the virus particles may result 
from altered subcellular localization of the mutant protein in 
cells. In order to verify this, we used Vpr constructs containing 
the Flag epitope. Transfected HeLa cells were incubated with 
anti-Flag M2 monoclonal antibody-FTTC conjugate followed 



M 

16- 

i4- 



Cotrtnstvcbon wAh NL4-3 



% tf ± 

* i i 1 1 1 

§ * I % % % % 

£££££££ 



B 



Vpr 
NLAVpr 



s 



fi! g! i 
k k t 
> > > 



CM 

1 

a. 
> 



> 



6 

* 

I 



- 1 

x 

i 

i 



Vpr-FL 



FIG. 4. DimcriTaliou or oligomer ization of Vpr in cells. (A) Extent of incor- 
poration of mutant Vpr-FL and wild- type Vpr-FL into the virus particles di- 
rected by NL4-3 proviral DNA, Vpr was expressed in the context of HJV-1 
proviral DNA. (B) Incorporation of mutant Vpr-FL in association with wild-type 
Vpr. Vpr was expressed through a heterologous promoter. 



TABLE 1. Effect of mutations on Vpr functions* 
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a Virion incorporation was carried out using cotransfection of NLAVp; and 
Vpi expression plasmids. 

h Stability nf the prr>tein was determined using recombinant vaccinia virus 
expressing T7 polymerase, 

c F1TC- conjugated Flag antibodies were used for subcellular localization stud- 
ies. 

" Incorporation of mutant Vpr-FL in association with wild-type Vpr was as- 
sessed in the virus particles. 

* +, positive: — , negative; +/— , intermediate; N> nuclear; C, cytoplasmic; ND, 
not done. 



by incubation with DAPI to stain the nucleus. As a control, we 
used cells transfected with the backbone pCDNA3 plasmid. As 
noted earlier, Vpr expressed in cells was localized to the nu- 
clear region (Fig. 5). The observed patterns include an intense 
signal at the rim of the nucleus and diffuse and focal staining in 
the nucleus. The specificity was demonstrated by the absence 
of staining in the cells transfected with pCDNA3 and mock- 
transfected cells (data not shown). All Vpr mutants, except 
VprA37-50-H-FL, showed a localization pattern similar to 
that of Vpr-FL. Vpr directed by the mutant VprA37-50-H- 
FL showed an intense signal at the rim of the nucleus, and 
a considerable amount of protein was also present in the 
cytoplasm (Fig. 5). The substitution mutants designated 
VprR36\V-FL, VprL39G-FL, and VprI46G-FL showed both 
nuclear and cytoplasmic localization, unlike the other substi- 
tution mutants, which localized in the nucleus (Table 1). 

Effect of mutations in helical domain II on cell cycle func- 
tions of Vpr. It was reported earlier that Vpr induces an arrest 
of cells at G 2 phase of the cell cycle (18, 30. 41, 43). Though the 
C terminus of Vpr containing basic amino acids has been 
implicated in the cell cycle arrest function (12), mutations in 
the amino terminus have also been shown to have an effect in 
this regard. This has prompted us to evaluate the effect of mu- 
tation in the HII domain on cell cycle arrest. As the addition of 
residues at the C terminus of Vpr may result in loss of the 
cell cycle arrest function (12), we have utilized a chimeric Vpr 
without Flag epitope at the C terminus. To visualize the cells 
for expression and cell cycle arrest, the EGFP coding region 
was fused to the 5' end of the Vpr coding region. Cells trans- 
fected with EGFP- and EGFP-Vpr-encoding plasmids were 
sorted initially based on EGFP expression. The EGFP-positive 
and -negative cells were fixed, stained with propidium. iodide, 
and analyzed by flow cytometry. Mock- and EGFP-transfected 
cells showed G 2 /Gi ratios of 0.1.7 and 0.15, respectively (Fig. 
6). Cells expressing EGFP- Vpr registered cell cycle arrest with 
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FIG. 5. Subcellular localization of wild-type aad mutant Vpr. HeLu cells 24 h after transfection were fixed and stained with auti-Fiag M2 monoclonal antibody-FlTC 
conjugate followed by DAFJ. Cells were analyzed using a confocal microscope at X60 magnification. To produce a merged image, each rluorochrome was recorded 
and the superimposed images were generated with Image-Pro software. (A) Anti-Hag M2-FITC conjugate: (B) DAP1; (C) superimposed images. 



10654 



Vol. 74, 2000 



ROLE OF HELICAL DOMAIN U RESIDUES OF HIV-1 Vpr 10655 



0) 

JO 

E 



03 

O 

CD 
> 

03 
CO 
Lt 



Mock 



G2/G1 =( 0.17 




EGFPVprA42-46 

G2/G1 = 058 




EGFP 



EGFPVpr 



G2/G1 = 0.15 



G2/G1 = 182 





EGFP VprA40-48 EGFP VprA37-50 



G2/G1 = 0.58 



G2/G1 = 0.25 





EGFPVprA44 



G2/G1 = 0.S3 




EGFPVprA37-50H 

G2/G1 = 0,26 



DNA Content 
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cells were sorted for EGFP-positive and -negative populations. The cells were stained for DNA content with propidium iodide and analyzed by flow cytometry. The 
G^Gj ratio, as determined by the Multicycle AV program, of each cell population is indicated. 



a Ga/G, ratio of 1.82. EGFP-VprA44, EGFP-VprA42-46, and 
EGFP- Vpr A40-48 mutants showed an intermediary level of 
cell cycle arrest with G2/G! ratios of 0.63, 0.58, and 0.58. 
respectively. On the other hand, EGFP- Vpr A3 7-50 and EGFP- 
VprA37-50-H mutants exhibited loss of cell cycle arrest func- 
tion as the G 2 /Gi ratios are close to the values obtained with 
tlie negative control. All the EGFP-negative cells showed near- 
ly identical DNA profiles, similar to that of the control (data 
not shown). 

DISCUSSION 

Vpr is a protein expressed late in HIV-1 -infected cells (10, 
27). Since its identification, (here has been an enormous inter- 
est in understanding the functions of this protein. The dem- 
onstration that a related protein, Vpx, is present in HIV-2 and 
simian immunodeficiency virus virions in amounts equal to that 
of Gag (20) has suggested that the virion-associated proteins 
may have a role in the events related to virus infection analo- 
gous to the nonstructural proteins present in the virus particles 
directed by DNA viruses (15). The observations in support of 
such a role for Vpr include a positive effect on infection of 
macrophages by HIV-1, its role in the transport of the viral 
preintegration complex to the nucleus, and an effect at the 
level of transcription (10, 27). Fiirthermore, it: has been shown 
that Vpr induces cell cycle arrest at the G 2 phase depending on 
the cell type (13) and is cytotoxic to cells through the induction 
of apoptosis (1, 2). With regard to the amount of Vpr, recent 
studies from our laboratory showed that HIV-1 Vpr is present 
in small amounts (14 to 18 molecules per virion) in the virus 
particles (48), contrary to the data reported earlier (7, 22). 

In an effort to gain information about the structure-function 
relationship of Vpr, we have utilized the structural data that 
were recently reported for Vpr by Roques and coworkers (45, 
53). NMR studies of the synthetic N- and C-terminal peptides 
comprising residues 1 to 51 and 52 to 96 of Vpr revealed a 
structure with three helical domains. Residues 17 to 29, 35 to 
46, and 53 to 78 correspond to HI, HII, and HOI domains, 
respectively. Both HI and HIII domains have also been pre- 
dicted by several algorithms, and mutational analyses have 
been carried out to determine the role of these domains in Vpr 
functions (32, 56, 57). In comparison to HI and HIII, the HII 
domain was unknown till the structural data came about, and 



hence there is no information available regarding the role of 
the HII domain in Vpr functions. The HII domain consists of 
12 amino acids. The residues with hydrophilic properties. R36, 
N41, and Q44, are located on one side of the helix. The hy- 
drophobic amino acids W38, L39, L42, H45, and 146 are lo- 
cated on the other side of the helix (53). The location of 
residues 137 and H40 on the former side hinders the formation 
of a perfect amphipathic helix (53). We have constructed sev- 
eral Vpr mutants involving deletion, insertion, and substitution 
mut agenesis approaches to understand the contribution of the 
HII domain to Vpr functions. The rationale for this approach 
is that the HII domain may be critical for maintaining the 
biological properties of Vpr. On the basis of this assumption, it 
is hypothesized that a Vpr mutant with an altered HII may not 
behave like a wild- type Vpr. It is likely that HII may be in- 
volved in stabilizing interactions between the HI and HIII 
domains or contribute to binding to Gag for its incorporation 
into the virus particles. The parameters that were used for 
assessing the effect of the mutations in the HII domain of Vpr 
include protein expression, stability, virion incorporation, sub- 
cellular localization, and cell cycle arrest. The results presented 
here indicate that the HII domain is critical for the Vpr func- 
tions. While the expression and stability of wild-type Vpr and 
mutants except VprW38S-FL> VprM2G-FL, and VprH45W- 
FL remain the same in transfected ceils, the alterations in the 
HII domain exerted a drastic effect on the incorporation of 
Vpr into the virus particles. Vpr harboring mutations in the 
HII domain failed to get incorporated into the virus particles. 
A deletion of even one residue at the C terminus of the HIT 
domain (Q44) abolished virion incorporation, similar to what 
was found for other deletion mutants. The deletion in VprA42- 
46-FL is confined to the HII domain comprising four residues. 
On the other hand, mutants VprA40-48-FL, VprA37-50-FL, 
and VprA37-50-H-FL involved deletion of residues in HII and 
also adjoining residues 47 to 50, which have been shown to 
form a Y turn. The substitution mutational analysis provided 
evidence supporting a crucial role for the hydrophobic residues 
in the virion incorporation function. Specifically, substitutions 
targeting W38, L39, L42, and 146 resulted in a drastic reduc- 
tion in the virion incorporation of Vpr with the exception of 
H45. Similar studies involving the residues located on the side 
of the helix opposite to the hydrophobic residues (R36, 137, 
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H40, and N41) showed that substitution did not abrogate the 
virion incorporation function. 

In addition to lack of virion incorporation, mutant Vpr also 
failed to associate with wild-type Vpr. This was arrived at by 
using an indirect assay in which virus particles were generated 
through cotransfection of either HIV-1 proviral DNA NL4-3 
or NLA Vpr and Vpr expression plasmids. The presence of a 
Flag epitope in the mutant Vpr and its absence from Vpr 
encoded by NL4-3 provide the premise for analyzing mutant 
Vpr in the vims particles using Flag antibodies. As the mutant 
Vpr-FL exhibits a negative virion incorporation phenotype, the 
association of mutant Vpr-FL with Vpr is the only mechanism 
by which mutant Vpr-FL will be incorporated into the virus 
particles. Since wild-type Vpr was shown to be present in the 
vims particles derived from cotransfection by using antibodies 
against Vpr, it is reasonable to suggest that the absence of 
mutant Vpr-FL may be due to a defect at the level of dimer- 
ization or oligomerization. Recently, Schuler et a I. (45) re- 
ported that a synthetic peptide correspond! ng to the C termi- 
nus of Vpr (residues 52 to 96) exhibited the dimerization 
property. However. Vpr mutants used in this study which have 
mutations only in HII with an intact C terminus failed to 
associate with wild -type Vpr. This indicates that the observa- 
tion noted with the synthetic peptide (residues 52 to 96) is not 
applicable to full-length Vpr. The lack of incorporation of the 
Vpr HO domain mutant into the vims particles could result 
from the lack of the protein available in a sufficient amount. 
However, this does not seem to be the case, as equal amounts 
of wild-type and mutant Vpr are shown to be present in cells. 
Alternatively, the residues present in the HII domain may play 
a cmcial role in terms of facilitating the interactions between 
Vpr and Gag (25, 44). Such a view is indeed supported by our 
studies, as the substitution of hydrophobic residues W38, L39, 
L42, and 146 resulted in a drastic reduction in the incorpora- 
tion of Vpr into the vims particles. The failure to incorporate 
into vims particles could be due to a result of the altered 
subcellular localization of mutant: Vpr proteins. This possibility 
was tested by analyzing the cellular localization of mutant Vpr 
in comparison to wild-type Vpr. The studies in this regard 
showed that most of the mutant Vprs and wild-type Vpr-FL 
exhibited perinuclear and diffuse staining of the nucleus. 
On the other hand, cells transfected with VprA37-50-H-FL, 
VprR36W-FL, VprL39G-FL, and VprI46G-FL indicated a 
staining pattern involving both the rim of the nucleus and 
cytoplasm. As cell cycle arrest is a characteristic feature of Vpr 
in HTV-l-infected and Vpr expression plasmid-transfected 
cells, Vpr mutants harboring deletions were evaluated for this 
function. Though the cell cycle arrest property has been attrib- 
uted to the C terminus of Vpr, mutation at the amino terminus 
of Vpr has an effect on the cell cycle (12). While wild-type Vpr 
exhibited a typical cell cycle arrest at G 2 , several mutants 
showed an intermediary level of cell cycle arrest. VprA37-50 
and VprA37-50-H did not have any effect on the cell cycle. 
Overall, the experimental data described in this study point out 
that the hydrophobic residues of the HII domain are essential 
for Vpr functions. 
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Epitope-Tagging Approach to Determine the Stoichiometry of the Structural and Nonstructural 
Proteins in the Virus Particles: Amount of Vpr in Relation to Gag in HIV-1 

Satya R Singh,* Derhsing Lai * Maria Cartas,* Dawn Serio * Rarnachandran Murali.t 
Vaniambadi S. Kalyanaraman,* and Alagarsamy Srinivasan* 1 

* Department of Microbiology and immunology, Kimmel Cancer Center, Thomas Jefferson University, 1020 Locust Street, Philadelphia, Pennsylvania 
191G7; 1 Department of Pathology and Laboratory Medicine, University of Pennsylvania, Philadelphia, Pennsylvania 19104; 
and ^Advanced Bioscience Laboratories, Inc., 5510 Nicholson Lane, Kensington, Maryland 20895 

Received October 21, 1999; returned to author for revision December 23, 1999; accepted January 5, 2000 

We used an epitope-tagging approach to determine the ratio of Gag (structural) to Vpr (nonstructural) in the virus particles 
directed by human immunodeficiency virus type 1. For this purpose, chimeric Gag and Vpr expression piasmids were 
constructed with the Flag epitope (DYKDDDDK), and the sequences corresponding to the chimeric protein were introduced 
into human immunodeficiency virus type 1 provira! DNA (NL4-3) to determine the ratio in the virus particles when these 
proteins are expressed in cis. In addition, NL4-3 DNA was modified to disrupt Vpr synthesis to determine the extent of 
incorporation of Vpr-FL when it is expressed in trans through a heterologous promoter. The analysis of virus particles 
generated by transfection of proviral DNA into RD cells indicated that (1) the ratio of Gag to Vpr in virus particles, when Vpr-FL 
is expressed in cis (in the context of proviral DNA), is in the range of 150-200:1 (14-18 molecules of Vpr per virion) and (2) 
the expression of Vpr-FL in trans showed efficient incorporation with a Gag to Vpr ratio of 5-7:1 {392-550 molecules of Vpr). 
These results suggest that the presence of the same epitope on different viral proteins may provide an accurate comparison 
of these proteins in the virus particles. © 2000 Academic Press 



INTRODUCTION 

Genetic analysis of the lentivirus family of retroviruses 
has revealed that the genomes of these viruses are 
complex compared with simple retroviruses (Levy, 1998). 
Specifically, the genome of human immunodeficiency 
virus type 1 (HIV-1) has been shown to code for six 
auxiliary proteins in addition to the Gag, Pol, and Env 
structural proteins (Luciw, 1996; Levy, 1998). With respect 
to the viral rnorphogenetic events, lentiviruses follow the 
pathway of the type C retroviruses (Hunter, 1994). Char- 
acteristically, Gag and Gag-Pol proteins are synthesized 
in the cytoplasm and transported to the cell membrane, 
and viral assembly occurs at the cell membrane of the 
infected cells. Although the mechanism of transport of 
Gag and Gag-Pol proteins to the ceil membrane is not 
clear, the Env protein reaches the ceil membrane 
through the secretory pathway (Hunter, 1994). This sce- 
nario suggests that the incorporation of viral proteins into 
the virus particles may require their interaction either in 
the cytoplasm or at the cell membrane (Hunter, 1994; 
Cohen et ai, 1996). 

Biochemical analysis of HIV-1 particles revealed the 
presence of several nonstructural proteins of viral origin 
in the virus particles (Cullen, 1998); these include Vif, Vpr, 
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and Nef, which are present in different amounts in the 
virus particles (Levy, 1998). It has been shown that both 
Vif and Net exhibit nonspecific incorporation into heter- 
ologous retrovirus particles (Cullen, 1998; Levy, 1998) in 
addition to the particles directed by HIV-1 Gag. A recent 
study reported that Vif is not present in highly purified 
virions (Dettenhofer and Yu, 1999). On the other hand, the 
incorporation of Vpr into the virus particles has been 
shown to be specific, involving distinct domains in HIV-1 
Gag (Cullen, 1998; Emerman, 1996; Levy, 1998). To ex- 
plore the mechanism or mechanisms governing the in- 
corporation of nonstructural protein or proteins into the 
virus particles, we have been conducting studies on Vpr. 
In addition to its essential role in the infection of macro- 
phages by HIV-1 (Emerman, 1996), the characteristic 
features of Vpr include cell cycle arrest at the G 2 stage 
(Emerman, 1996; He etai, 1995; Jowett ef ai, 1995; Reef 
ai, 1995; Rogel et ai, 1995), nuclear localization (Emer- 
man, 1996; Zhao etai, 1994a), participation in the trans- 
port of the preintegration complex (Heinzinger et ai, 
1994), cation channel activity (Piller ef ai, 1996), and 
interaction with several candidate cellular proteins (Bou- 
hamdanefa/,, 1996; Fouchier et ai., 1998; Gragerov et ai, 
1998; Refaeli etai, 1995; Stark and Hay, 1998; Tung etai, 
1997; Zhao etai, 1994a,b). Work from our laboratory and 
others showed the importance of putative helical do- 
mains present in Vpr for its incorporation into virus par- 
ticles (Di Marzio ef ai, 1995; Luo ef ai, 1998; Mahalingam 
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et ai, 1995; Nie et ai, 1998; Subbramanian et aL, 1998; 
Yao et ai, 1995). Furthermore, evidence was also pre- 
sented for the interaction of Vpr and Gag in the cells, 
which may be the basis for its incorporation into virus 
particles (Lavailee etaL, 1994). Regarding Gag, a role for 
the p6 region in the incorporation of Vpr into the virus 
particles has been demonstrated through deletion and 
the transfer of this domain to an unrelated Moloney 
murine leukemia virus Gag (Checroune et aL, 1995; 
Kondo et aL, 1995; Lu et aL, 1993, 1995; Paxton et aL, 
1993). 

Despite a wealth of data available on Vpr, the informa- 
tion regarding the amount of Vpr incorporated into the 
virus particles is not clear. This information may be 
useful for elucidating the mechanism or mechanisms 
involved in the incorporation of Vpr into the virus parti- 
cles and for developing Vpr as an analytical and thera- 
peutic agent In this regard, a related protein designated 
Vpx (Thstem etaL, 1992) has been shown to be present 
in HIV-2 virions in equimolar quantities to that of p27 of 
Gag (Henderson etaL, 1988). To determine the amount of 
Vpr incorporated into HIV-1 virus particles, we used an 
epitope-tagging approach on Gag and Vpr involving Flag 
as the epitope (Chubet and Brizzard, 1996). Combining 
the sensitive p24 antigen assay and immunoblot analysis 
of virus particles using Flag antibodies, it was estimated 
that the ratio of Gag to Vpr was in the range of 1 50-200:1 
when Vpr was expressed by HIV-1 proviral DNA. A much 
higher level of incorporation (5~7:1 for Gag to Vpr) was 
noted when Vpr was expressed in trans through an 
efficient heterologous promoter. 

RESULTS 

Generation of recombinant plasmids containing 
sequences encoding Gag-FL and Vpr-FL 
and analysis of epitope-tagged protein 

Gag and Vpr coding sequences were derived from 
HIV-1 proviral DNA (NL4-3). The sequences correspond- 
ing to the Fiag epitope (DYKDDDDK) were added to the 
3' end of the Vpr and Gag followed by a termination 
codon using the PCR method. The Gag-FL coding se- 
quences were bounded by EcoRI and Xho\ enzyme sites 
at the 5' and 3' end, respectively. Similarly, Vpr-FL coding 
sequences were bounded by Hin6\\\ and Xho\ enzyme 
recognition sites. The Gag-FL and Vpr-FL sequences 
were cloned into pCDNA3 vector, which consists of cy- 
tomegalovirus immediate-early and T7 promoter up- 
stream and bovine growth hormone poly(A) + signal se- 
quences downstream of the coding sequences. On clon- 
ing, the integrity of the sequences was determined by 
DNA sequence analysis. Similar strategy was used to 
generate Gag-Vpr-FL in which Vpr-FL sequences were 
fused in frame to the 3' end of Gag. 

Because the recombinant plasmids containing Gag-FL 
and Vpr-FL coding sequences have the 17 promoter, an 
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in vitro transcription coupled translation system was 
used to analyze the protein. The synthesized proteins 
were tested with respective antibodies. Such an analysis 
showed that Gag-FL protein was detected from sera from 
HIV-1 -infected individuals and the corresponding bands 
were not present in the control where only vector DNA 
was used. The same protein was also detected by using 
commercially available polyclonal antibodies against the 
Flag epitope. Consistent with the data obtained regard- 
ing Gag-FL, antibodies against Flag epitope reacted with 
the Vpr-FL Furthermore, in vitro translated Gag-FL and 
Gag-Vpr-FL proteins showed bands of similar intensities 
in Western blot analysis, implying equal accessibility of 
Flag epitope to antibodies in the context of Gag and Vpr 
(data not shown). 

Expression of epitope-tagged proteins (Gag-FL and 
Vpr-FL) in cells and incorporation of Vpr-FL 
into virus-like particles 

For this purpose, we used recombinant vaccinia virus 
expressing T7 polymerase as described previously (Se- 
rio et al., 1997), HeLa cells, plated at a density of 2.5 X 
10 8 per 100-mm Petri dish, were infected with the recom- 
binant vaccinia virus the next day for 1 h. The cells were 
washed, and the piasmid DNAs were transiected either 
alone or in combination into cells by using Lipofectin. 
Approximately 40-45 h posttransfection, the culture su- 
pernatant and the cells were collected separately. On 
lysis of the cells, an aliquot was analyzed for the expres- 
sion of Gag-FL and Vpr-FL. As observed with the in vitro 
synthesized proteins, antibodies against Flag epitope 
detected Gag-FL and Vpr-FL (Fig, 1A). To determine the 
incorporation of Vpr-FL into virus-like particles, the cul- 
ture supernatant was concentrated by centrifugation us- 
ing the Arnicon p30 column. The virus particles were 
lysed, and the Gag-FL and Vpr-FL were tested by immu- 
noblot analysis. The results indicated that transfection of 
Gag-FL resulted in the release of viral particles and that 
Vpr-FL was observed in the supernatant only in associ- 
ation with Gag (Fig. 1B). 

Sensitivity of the epitope-tag approach 

The quantification of nonstructural proteins present in 
the virus particles is generally carried out with the pro- 
tein of interest expressed in a prokaryotic system, fol- 
lowed by purification of the protein for its use as a 
standard in the immunoblot analysis. However, such an 
approach for this study may still require the use of 
different antibodies to characterize the extent of incor- 
poration of Vpr in relation to Gag into the virus particles. 
Because the affinity of the antibodies generally varies for 
the respective proteins, which may complicate the inter- 
pretation of the data, we decided to generate Vpr-FL and 
Gag-FL using Flag epitope for quantitative assays. We 
reasoned that the availability of a sensitive ELISA assay 
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FIG. 1. Expression of Gag-FL and Vpr-FL in ceils. Vaccinia virus- 
infected ceils were transfected with the respective plasmid DMA either 
alone or in combination. Immunoblot analysis of the ceii lysate (A) and 
vinjs-like particles (B) was carried out using Flag antibodies. M, mo- 
lecular weight markers (kDa); lane 1, pCDNAS; iane 2, Vpr-FL; lane 3, 
Gag-FL; and lane 4, Gag-FL + Vpr-FL. 



for the quantification of viral antigen in combination with 
immunoblot analysis using Flag antibodies may provide 
sufficient sensitivity to examine the ratio of Gag to Vpr in 
the virus particles. 

The proviral DNA NL4-3 and NL-Gag-FL (Fig, 2) were 
independently transfected into RD cells. The virus parti- 
cles released into the medium were collected at the end 
of 5 days posttransfection. Immunoblot analysis using 
antibodies against Flag epitope detected as little as 6 pg 
of p24 antigen equivalent of virus particles on the sepa- 
ration of proteins on SDS-PAGE (Figs. 3A and 3B). The 
extent of reactivities of Flag epitope antibodies to differ- 
ent concentration of proteins suggests that the approach 
considered here has the desired sensitivity 

Determination of the ratio of Gag to Vpr in the virus 
particles 

The specific incorporation of Vpr into the virus parti- 
cles directed by HIV-1 is a prerequisite for determining 
the ratio of Gag to Vpr in the virus particles. The possi- 
bility that nonspecific association of Vpr with contami- 
nating vesicles in the virus preparation may lead to a 
wrong estimation with respect to Vpr was considered. To 
rule this out, we used wild-type and mutant Vpr-ccntain- 
ing substitutions in helical domain I region in cotrans- 
fection experiments with HIV-1 proviral DNA lacking Vpr 
expression. The immunoblot analysis of virus particles 
showed that incorporation was observed only for wild- 



type Vpr and not for mutant Vpr under the conditions 
used in our experiments {data not shown). To obtain 
information regarding the number of molecules of Vpr 
present in the virus particles, we decided to use an 
epitope-tagged Vpr in combination with and without an 
epitope-tagged Gag. The modified NL4-3 proviral DNA 
containing Vpr-FL (Fig. 2) was transfected into RD cells. 
The virus particles released into the medium were har- 
vested and quantified by p24 antigen assay, and immu- 
noblot analysis was carried out using Flag antibodies. 
The results (Fig, 4A) indicate that Vpr-FL can be detected 
in the virus particles using viral iysate. In the context of 
NL-Vpr-FL proviral DNA, only Vpr has the Flag epitope, in 
an effort to generate information regarding the ratio of 
Gag to Vpr in the virus particles, we used HIV-1 proviral 
DNA in which both the Gag and Vpr have the Flag 
epitope (Fig. 2). Hence, the analysis of virus particles 
using Flag antibodies may shed light on the relative 
amount of each protein present in the virus particles. The 
results generated with this approach may show two 
possible scenarios. First, an equal amount of Gag to Vpr 
in the virus particles would yield bands of similar inten- 
sities at Pr55 (Gag) and p14 (Vpr). Second, a differential 
amount of Vpr in relation to Gag would yield an intense 
band at Pr55 and a weak signal at p14. The immunoblot 
analysis of virus particles derived from transfection of 
NL-GV-FL reveaied an altered ratio of Gag to Vpr in the 
range of 150-200=1 (Fig. 4B). Because Vpr-FL in HIV-1 
proviral DNA is expressed as a late protein, it is likely 
that the level of incorporation may be due to the low level 
of Vpr-FL present in the cells. To test this, it was impor- 
tant to examine the extent of incorporation of Vpr-FL into 
the virus particles when Vpr-FL was expressed in trans. 
Toward this goal, cotransfection of NL-Gag-FL and 
Vpr-FL expression plasmid into RD cells was carried out, 
and the viral particles were subjected to immunoblot 
analysis. The results showed that Vpr-FL, expressed in 
trans, is incorporated into the virus particles at a higher 
level than Vpr-FL expressed in the context of the proviral 
DNA (Fig. 5). The ratio of Gag to Vpr was in the range of 
5-7:1 in several independent experiments when only 
Pr55 band was considered for estimation. The inclusion 
of bands reactive to Flag antibodies below Pr55 showed 
a ratio in the range of 11-14:1. 

DISCUSSION 

Among retroviruses, members of the lentivirus sub- 
family exhibit a unique feature of incorporation of non- 
structural proteins of viral origin into virus particles sim- 
ilar to that of several DNA viruses (Fields et ai, 1896). 
Interestingly, HIV-1 has been shown to contain three 
nonstructural proteins in the virus particles: Vif, Vpr, and 
Nef (Cullen, 1998; Levy, 1998). The precise number of 
molecules present in the virus particles has been re- 
ported only for Vif (5-75 molecules) and Nef (5-20 mol- 
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ecules) (Camaur and Trono, 1996; Liu eta!., 1995; Simon 
etal., 1998; Welker etaL, 1996). The number of rnolecuies 
of Vpr present in a virion is not clear. Currently, there are 
conflicting data indicating that the number of Vpr mole- 
cules may be similar to that of RT molecules derived from 
the Gag-Poi precursor protein (Kobinger etai, 1998) and 
may aiso be similar to that of Gag (Cohen et aL 1990). 
HIV-2/simian immunodeficiency virus particles contain a 
protein known as Vpx ( which is related to Vpr (Tristem et 
aL, 1992), and studies showed that Vpx is present in the 
virus particles in quantities similar to that of p27 (Hen- 
derson etai, 1988). 

The virion-specific incorporation of HIV-1 nonstructural 
proteins into virus particles has led to the suggestion 
that these molecules can be explored to develop antiviral 
agents against Antiviruses, as well as analytical tools to 
dissect the events associated with the HiV-1 life-cycle 
(Fletcher et aL, 1997; Kobinger et aL, 1998; Okui et aL, 
1998; Serio et aL, 1997; Wu et aL, 1996, 1997). To further 
develop this strategy, it would be desirable to know the 
relative number of Vpr molecules present in the virus 
particles. The report presented here provides an unique 
approach to quantify the proteins present in the virus 



particles. The experimental system that we used takes 
advantage of the addition of Flag epitope on both the 
Gag and Vpr. In combining the p24 antigen assay to 
quantify Gag and immunoblot analysis using Flag anti- 
bodies, an attempt was made to determine the ratio of 
Gag to Vpr in the virion. The assay that has been rou- 
tinely used to determine the number of molecules of 
nonstructural versus structural proteins in the virus par- 
ticles requires generation of the candidate protein using 
a bacterial expression system for use as a standard in 
the immunoblot analysis (Liu et aL, 1995). Kobinger et aL 
(1998) recently reported that the number of molecules of 
Vpr incorporated into the virus particles is similar to the 
number of RT molecules. This estimation was based on 
generating radiolabeled virus particles by incubating the 
ceils with 3S S-methionine. The viral proteins were sub- 
jected to immunoprecipitation by using antibodies spe- 
cific to Vpr and RT and analyzed after SDS-PAGE. By 
taking into account the number of methionine residues 
present in RT and Vpr, the signal intensity of the respec- 
tive protein in the autoradiogram was analyzed to esti- 
mate the number of Vpr molecules in the virus particles. 
These approaches assume that the affinity of the anti- 
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FIG. 3. (A) irnmunoblot analysis of virus particles using antibodies 
against Flag epitope. Different concentrations of viral lysate, based on 
p24 antigen values, were subjected to the analysis after SDS-PAGE. M, 
molecular weight markers (kDa); lanes 1-6, 192, 96, 48, 24, 12. and 6pg 
p24 antigen equivalent of virai lysate. (B) Densitometric analysis of 
Gag-FL in the virus particles. Chemiluminescence intensity of each 
band was plotted against p24 antigen values. 



bodies for the candidate proteins remains the same. The 
use of Fiag epitope on both Gag and Vpr proteins, in our 
opinion, is advantageous because the same epitope on 
both proteins eliminates the differential affinity generally 
observed when using different antibodies and provides 
an accurate molecule-to-molecule comparison. 

The Fiag epitope-tagging approach was successful in 
obtaining the number of Vpr molecules present in the 
virus particles, which varies according to the mode [cis 
or trans) of expression of Vpr. The ratio of Gag to Vpr is 
found to be in the range of 150-200:1. It is assumed that 
there are 2750 molecules of Gag present per virion 
(Arthur et aL, 1992). Considering this, it is likely that each 
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FIG. 4. Irnmunoblot analysis of virus particles using antibodies 
against Flag epitope. (A) Lane 1, NL-Vpr-FL; lane 2, virus particles 
derived from cotransfection of NL-AVpr + Vpr-FL (B) Quantitative 
analysis of the ratio of Gag to Vpr in the virus panicles directed by 
NL-GV-FL. Vpr-FL is expressed in the context of HiV-1 provirai DMA. 
Lanes 1-3, 50, 5, and 0.5 jxl of viral lysate. Virus particles derived from 
NL4-3 and NL-AVpr did not show the corresponding Vpr-FL band. 
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FIG, 5. Quantitative analysis of the ratio of Gag to Vpr in the virus 
particles when Vpr expression was directed in trans by a heterologous 
promoter. Cotransfection of NL-Gag-FLand Vpr-FL expression plasmid 
was carried out to derive the virus particles. On the addition of chemi- 
fuminescent substrate, the blot was exposed for 15 min (A) or 30 min 
(B). Lane 1, NL-AVpr + Vpr-FL; lane 2, NL-AVpr; lane 3, NL-Gag-FL + 
Vpr-FL (30 \x\ of virus lysate); and iane 4, NL-Gag-FL + Vpr-FL (50 /xi of 
virus lysate). 

virion may contain approximately 14-18 molecules of Vpr 
as shown by densitometric analysis. It is to be noted that 
the ratio 150-200:1 is only for the virus particles directed 
by HIV-1 provirai DNA containing both Gag-FL and Vpr- 
FL As Vpr is subjected to regulation by Rev, the low 
incorporation of Vpr into virus particles may be due to the 
low amount of Vpr present in cells. Further, we also 
examined whether the trans expression of Vpr affects the 
efficiency of incorporation of Vpr into the virus particles. 
This was addressed by cotransfection of modified HIV-1 
provirai DNA lacking the ability to express Vpr (NL-Gag- 
FL) and Vpr-FL expression plasmid in cells. The expres- 
sion of Vpr in trans resulted in an enhancement in the 
incorporation of Vpr into the virus particles with 392-550 
Vpr molecules per virion. The estimated number of mol- 
ecules of Vpr present in the virus particles in this study is 
in disagreement with earlier studies (Cohen et aL t 1990; 
Kobinger et aL, 1998). The overestimation with regard to 
the number of molecules of Vpr present in the virus 
particles reported earlier, in our view, may stem from the 
methodologies used for evaluation. Because our method 
uses an epitope-tag approach, we have also considered 
the possibility that the addition of a tag may be detrimen- 
tal to the virion incorporation phenotype of Vpr. Irnmuno- 
blot analysis of virus particles derived from cotransfec- 
tion of NLAVpr provirai DNA with either wild-type Vpr or 
Vpr-FL expression plasmid showed bands with similar 
reactivities to antibodies against Vpr (data not shown), 
implying that the addition of Flag epitope did not interfere 
with the virion incorporation of Vpr. Furthermore, the 
presence of a similar amount of Vpr-FL in the virus-like 
particles assembled by Gag and Gag-FL also supports 
the above conclusion (data not shown). Hence, the re- 
sults presented here suggest that one of the limiting 
factors for the extent of incorporation of Vpr may be the 
expression level of Vpr as noted for Vif (Simon et aL, 
1998), and extrapolation of the data from the analysis of 
virus particles generated through expression of Vpr in 
trans as opposed to its expression in cis should be made 
with caution. 
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The differential level of Vpr and Gag present in the 
virus particles may provide clues to understanding the 
mechanism or mechanisms underlying the incorporation 
of Vpr into the virus particles. Earlier studies by Lavailee 
etai (1994) showed an interaction between Vpr and Gag 
in the infected cells, it shouid also be noted that specific 
interaction of Vpr with p17 matrix (Sato et ai., 1996) and 
nucleocapsid p7 (de Rocquigny et ai, 1997) has been 
documented. It is not clear whether these interactions 
exist in the context of the precursor Pr55 Gag and pro- 
vide help for the incorporation of Vpr into the virus par- 
ticles. Because the incorporation of Vpr into virus parti- 
cles can be achieved through the transfer of the car- 
boxyi-terminai p6 domain of Gag to heterologous 
Gag-directed virus particles (Kondo et ai t 1995), it is also 
likely that a specific interaction between the p6 domain 
and Vpr is possible. The quantitative data regarding the 
amount of Vpr incorporation into virus-like particles di- 
rected by p55 Gag versus heterologous virus particles 
containing only the p6 may provide information regarding 
the mechanism. This quantitative study further demon- 
strates that Vpr can be used to develop antiviral agents 
targeting virus maturation and can be used as a tool to 
analyze the events associated with virus morphogene- 
sis. 

MATERIALS AND METHODS 

Construction of recombinant plasmids encoding 
Gag-FL and Vpr-FL and cloning of sequences 
corresponding to epitope-tagged Gag 
and Vpr into HIV-1 proviral DNA 

Cloning of wild-type Gag and Vpr was carried out 
using the pCDNAS expression vector as described pre- 
viously (Mahalingam et ai, 1995). For the generation of 
chimeric proteins containing Flag epitope, sequences 
corresponding to the epitope (DYKDDDDK residues) 
were incorporated in the 3' primer. The primers used to 
generate Gag-FL were GACTGTTAAGTGTTTCAATTG 
[Apa(+)] located upstream of Apa\ restriction enzyme 
cleavage site and CCCCCCTCGAGCTACTT- 
GTCATCGTC GTCC7TGTAGTCTTGTG ACG AG G G GTCG CT 
[Gag-FL(-)] corresponding to the 3' end of Gag coding 
sequences followed by Flag andXhol restriction enzyme 
cleavage site sequences. Primers TCTAGAAGCTTGC- 
CG CCACC ATG G A AC AAG CCCC AG AAG AC [HKVpr(+)] 
corresponding to Hin6\\\ restriction enzyme cleavage 
site, kozak consensus, and 5' end of Vpr coding se- 
quences and CCCCCCTCG AG CTACTTGTCATCGTCGT- 
CCTTGTAGTCG G ATCTACTG G CTCCTT [Vpr-FL(-)] rep- 
resenting the 3' end of Vpr coding sequences followed 
by Flag and Xho\ restriction enzyme cleavage site se- 
quences were used to generate Vpr-FL For the construc- 
tion of Gag-Vpr-FL, the individual PCRs were initiated 
with Apa(-i-) and TTCTG G G G CTTGTTCC ATTTGTG ACG A- 
GGGGTCGCTGCC [Gag-Vpr(-)] to amplify the 3' end of 
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Gag and to generate Vpr-FL using the primers ATGGAA- 
CAAG CCCCAG AAG AC [Vpr(-h)] and Vpr-FL(-). The 
DNAs derived from both reactions were purified, mixed, 
and amplified by using Apa(+) and VprFL(-) primers. 
The amplified DNA was digested with Apa\ and Xho\ 
restriction enzymes and iigated to the Gag clone cleaved 
appropriately. 

Gag-FL and Vpr-FL sequences were introduced into 
HIV-1 NL4-3 proviral DNA The schematic representation 
of the proviral DNAs used is shown in Fig. 2. The proviral 
DNA designated NLAVpr lacks Vpr expression due to a 
frameshift mutation (close to the EcoRI recognition site) 
in the coding sequences. To avoid disruption of the 
overlap of vpr and tefatthe 3' end, the unique EcoRI and 
Sa/I restriction endonuclease cleavage sites were used 
to introduce the 3' end of chimeric Vpr from the recom- 
binant plasmid to generate NL-Vpr-FL. Similarly, the 3' 
end fragment generated by using Apa\ from the Gag-FL 
plasmid was Iigated to NL-AVpr cleaved with Apa\ en- 
zyme to generate NL-Gag-FL The generation of NL-GV- 
FL, containing Gag-FL and Vpr-FL, used NL-Vpr-FL plas- 
mid to introduce the Gag-FL 3' end fragment at the Apa\ 
site. 

in vitro transcription/translation and 
radioimmunoprecipitation analysis of proteins 

The coupled 17 transcription/translation system (Pro- 
rnega, Madison, Wl) was used to characterize the ex- 
pression of the recombinant clones. Incubation condi- 
tions were followed according to manufacturer's instruc- 
tions. Radioimmunoprecipitation analysis of in vitro 
translated proteins was carried out using polyclonal sera 
to Gag, Vpr, and Flag epitope (Serio et ai, 1997). 

Expression and incorporation of Vpr-FL into 
virus-like particles 

To assess the expression of Vpr-FL and Gag-FL in 
ceils and incorporation of Vpr-FL into virus-like particles, 
we used the vaccinia virus T7 polymerase expression 
system. Vpr-FL and Gag-FL expression plasmids were 
transfected alone and in combination into HeLa ceils 
after infection with vaccinia virus expressing T7 polymer- 
ase. Cell lysates and culture supernatants were sub- 
jected to irnmunoblot analysis as described previously 
(Serio et ai, 1997). 

Generation of virus particles directed by HIV-1 
proviral DNA 

HIV-1 proviral DNA (wild type and modified in Gag and 
Vpr coding sequences) was transfected into RD cells 
(ATCC CCL 136, American Type Culture Coilection, Rock- 
ville, MD) as described previously (Nagashunmugam et 
ai t 1992). Virus particles released into the culture me- 
dium were harvested 120 h posttransfection and quanti- 
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fied by p24 antigen assay with an ELISA (Organon 
Teknika, Durham, NC). 

Immunoblot analysis 

Virus-containing culture supernatants were precieared 
for 10 min at 10,000 rpm and subjected to sucrose den- 
sity gradient centrifugation {Serio et aL, 1997). Virus pel- 
lets were lysed in lysis buffer (62.5 mM Tris-HCI, pH 6.8, 
0.2?/o SDS, 1% /3-mercaptoethanol. and 10% glycerol). 
Samples were normalized on the basis of p24 antigen 
values and were run on 10% or 16% SDS-PAGE before 
transfer to nitrocellulose membrane. Membranes were 
then blocked in TBS (20 mM Tris, 500 mM NaCI, pH 7.5) 
containing 5% (w/v) nonfat dry milk (Blo-Rad, Hercules, 
CA). Subsequent incubations with primary (anti-Flag M2; 
1:1000) (Eastman Kodak Company, New Haven, CT) and 
secondary antisera [anti-mouse IgG (H&L) AP conjugate; 
1:3000] (Promega) were performed in TTBS (TBS contain- 
ing 0.05?/o Tween-20). Each incubation was followed by 
several washings in TTBS. The blot was then incubated 
with Western blue detection reagent, or CDP-Star (Pro- 
mega) was used as the chemiiuminescent substrate in a 
nonradioactive detection system. 

Quantification by densitometry 

The intensity of the bands obtained through immuno- 
blot analysis was used for determination of the ratio of 
Gag to Vpr. Blots were scanned and densitometry anal- 
ysis was performed using the Molecular Dynamics Im- 
ageQuant program as described previously (Serio et aL, 
1999). 
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Mntotiomwcremp^^ DNA techniques into the vpr open reading frame of an infectious 

, ^ were infectious and cytopathk. However, when a low-input 

mutants were dl 
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more siowly than the wild-type virus. The growth kinetics of vpr 
htm those 61 vff and vpu mutants. 



Human unmunodeflciency virus type 1 (HIV-1) is the 
primajyetiolc#^ retrovirus of acquired immunodeficiency 
syimiim the complete 

nucleoli of HIV-1 

rwve re vealed a veiy (17, 20, 23, 

34). In addition to the ^ ^ pol $ and 

eny; in common with other retro vinise have 
already been identified. W genes, 
tat and /w, are 27, 32). 

n&yfcs^ for virus infectivity, 

dUiough mutations in these genes greatly alter the photo- 
type*^ the^^ 32, 34). Recently, 
Wong-Staal et al, reported the presence of another gene, vpr, 
which coidd encode a rjrotem rec^ by sera of some 
HrV4-serorx>sitive p^ analysis of vpr, 
homwr^^ Therefore, we 

irivestigara^ vpr on the replication 

andcyt^^ 

1 shows toe stra^ genomes used for this 

U include which 
,v# ami ypu mutants, respectively . An infectious proviral 
DNA, pNU32, whi^ 

(I, 2, 30, 31; 36), ^ The 
mirtants were construct muta- 
tions at me restrirt^ Ftg. 1. 

ThenucIeoudVsequeiraof the vpr region of pNL432 was 
determined to eing 2A). 
pNL432 conteim vpr , which can encode 102 codons (96 from 
the first meti^ and 
teraiinates after the fin^ amino 
acid sequence of vpr is: highly conserved among seven 
proviruses used for coim^arison (Fig. 2B). Of note is the 
presence of an infectious clone which can encode only 78 
amino acids. This short version of vpr is due to a frameshift 
in the 3' portion of vpr of clone HXB-2. This frameshift is 
observed in other clones derived from the HIV-IIIB cell line 
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(37). vpr mutants in this communication all have a short 
amino acid sequence relative to the wild type clone pNL432. 
pNL-Af2 contains 27 amino acids, and pNL-Ec and pNL-S! 
contain 79. 

The effects of alterations in the virus genome on the 
production of virus particles were determined in transfection 
assays. The mutants and pNL432 were introduced into 
SW480 cells, which efficiently express transfected DNA and 
produce high reverse transcriptase (RT) in the culture fluids 
within 24 h (1). The amount of particles produced by the 
mutants was comparable to that produced by wild-type DNA 
following transfection into SW480 cells, as determined by 
RT activity (Fig. 1). However, the results obtained with 
mutants of other regulator genes were quite different, tat and 
rev mutants showed no RT activity, while nef mutants 
produced higher RT activity than the wild type (not shown). 

The effects of virus infection were first monitored in the 
Molt-4 clone 8 cell line (M4-8) by measurements of viable 
cell number and cell-free RT activity. This cell line was 
shown to be highly sensitive to cytopathic effects (CPE) 
caused by HIV (14). Cell-free samples of vpr mutants and 
wild-type virus particles were prepared from the superna- 
tants of SW480 cells transfected with pNL-Af2, pNL-Ec, 
pNL-Sl, or pNL432 by low-speed centrifugation and filtra- 
tion through a 0.22-jun filter. M4-8 cells were infected with 
equivalent amounts (RT units) of each virus preparation, and 
HIV replication was monitored (Fig. 3). M4-8 cells infected 
with wild-type virus displayed strong CPE, including bal- 
looning, multinuclear giant cells, and ghost cells as early as 
day 7. This profound CPE was followed by a reduction in the 
number of viable cells (Fig. 3A). The viable cell number 
reached a peak at day 7 and fell gradually during the 
observation period. RT activity in the culture fluids began to 
increase on day 7 and was maximum on day 16 (Fig. 3B). 
The kinetics of vpr mutant viruses in M4-8 cell were quite 
different. The appearance of CPE, reduction of cell number, 
and RT production were observed with delayed kinetics, 
occurring about 7 to 10 days after confirmation of wild-type 
virus infection. No significant difference of kinetics was 
found among cells infected with three mutants. Interestingly, 
when 10-foId-higher input multiplicities were used, infection 
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FIG. 1. Mutants used in this study. Schematic representation of HIV-1 proviral genome at the top. (A) Restriction enzyme sites used to 
generate mutants; (B) mutant designations; (C) transient expression of RT activity in transacted SW488 cells (ATCC COJ^-Mmg^ 
except pNL-Ss were constructed by cleaving plasmid DNA with the enzyme indicated, blunt ended by T4 DNA polymerase, and reseakd 
by T4 DNA ligase. Thus, pNL-Nd has a 2-base-pair insertion; pNL-Afi, pNL-Ec, and pNUSl have 4-base-poir tosettkws. pNI^ ww 
generated by digesting DNA with Ssph inserting an 8-base-pair C/al linker by T4 DNA ligase, and recusing by T4 DNA u^. When 
necessary, the appropriate DNA fragment was first subcloned into pUC19, the mutation was introduced, and the muutfiri DN A was jwU^ 
into the infectious clone, pNL432. DNA structure was confirmed by restriction mappings and partial sequencings. For transient tramftction 
assays, proviral DNA was introduced into SW480 cells by the calcium phosphate copiectpitation method (11, 35). Cr in part C shows 
nondetectable RT activity in pUC19-transfected cells. RT activity was measured as reported previously (36). kb, Kilobases. 



kinetics were indistinguishable between wild-type virus and 
vpr mutants (not shown). 

We also examined celt line variation in vpr mutant respon- 
siveness, using other human CD4 + leukemia cell lines in- 
fected with wild-type and mutant viruses. Infection experi- 
ments were carried out as above, and CPE and RT activity 
were monitored at intervals (Fig. 4). In two cell lines, Molt-3 
(JCRB9048) and TALL-1 (JCRB0086), similar delayed kinet- 
ics of the mutant virus infection were noted. In A3.01 cells 
(8), however, the time course of CPE and RT production was 
similar between wild-type- and mutant virus-infected cells, 
although RT activity persisted longer in cells infected with 
the mutant virus. This "tailing" of RT production in vpr 
mutant-infected A3.01 cells was always seen in several 
independent experiments. A3.01 cells differed from the other 
two cell lines in that they could produce large amounts of 
virus shortly after infection (Fig. 4). litis property of A3.01 
cells was considered to result in high multiplicities of infec- 
tion at a very early stage in the time course experiment. 
Therefore, A3.01 cells were infected with two different doses 
of virus and RT activity was monitored (Fig. 5). Virus 
growth kinetics differed little among the three viruses when 
high multiplicities were used (Fig. 5, bottom). A 10-fold 
reduction of input dose clearly delayed the infection kinet- 
ics, particularly in vpr mutant-infected cells. The effect of 
multiplicities was not as drastic on the time course of RT 
production in wild type virus-infected cells. By contrast, in 
mutant-infected cells, the peak day of RT activity was 
delayed several days and the level of activity was low. 
Progeny viruses, produced in these four cell lines after 
inoculation with the mutant virus (pNL-AB), behaved ex- 
actly like the vpr mutant, suggesting that "reversion" had 
not occurred (not shown). 

The phenotype of the vpr mutant was compared with those 
of vi/and vpu mutants. Published reports have demonstrated 



that v{/"is required for efficient virus transmission (6, 30) and 
vpu is required for virus maturation or assembly (31). A3;Q1 
ceils were infected with various viruses with quite high 
multiplicities. Figure 6 shows the virus growth curves of vft 
vpr, vpu, and wild-type virus as determined ^"JCT^iiBOrs. 
Again, little difference was seen between wild-type and 
mutant viruses. The v(f mutant, pNL-Nd, grw ^pi^y 
that faint RT activity was detected as lafe :as^ 
6A). RT activity was detected even 60 days alter infect^ in 
v(f mutant-infected A3.01 cells with vw^wea^^Cre, 
whereas cells infected with vpr mutant or vvfld-tyi* vim 
not produce RT activity 40 days after infectioti ( A. Ao^cbi 
and K. Qgawa, unpublished observation). Fig^ 
phenotypical comparison of vpr and vpu ia^ 
growth curve of the vpu mutant was striking, although t^ 
kinetics was similar to that of the wild-type viius^ 
fold reduction in progeny virions (as detenM^ ^{ flT 
assays) relative to wild-type virus was obsewed, as ^ 
(31) after the infection of A3.01 cells with a vpu mutant, in 
contrast to the phenotype of the vpr mutant. This growth 
characteristic of the vpu mutant was seen in arwttew infec- 
tion experiment that used 10-fold-lower input multiptidtjes 
(not shown). 

Our results suggest that vpr is necessary for efficient 
replication of the virus and concurrent CPE in CD4 + cell 
cultures. In particular, pNL-Af2, which was constructed to 
eliminate expression of most of the vpr open reading frame, 
is clearly inefficient for vims growth. The three vpr mutants, 
pNL-Af2, pNL-Ec, and pNL-Sl, showed similar delayed 
kinetics of infection relative to wild-type virus. This suggests 
that the C-tenninal portion of vpr is important for vpr 
function (Fig. 2B). However, vpr is dispensable for growth 
of the virus in CD4 + cells. In our assay system, the function 
of vpr is only evident after multiple rounds of productive 
infection have occurred, since the defective phenotype of 
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FIG- 2. Sequence of pNL432 vpr region. (A) Nucleotide se- 
quence of the vpr region . The nucleotide numbering system of 
Wain-Hobson et al. (34) was used. Sequeiice was determined by the 
dideoxy sequencing method #4^^ The 
positive* in 
^ ^intt above the 

enzymicJc^ amino 
acid sequences of of several HrV-1 strems, ARV2 (23), HXB2 
Qm$AY ; $ft-BM^ for 
comparison. A one-letter aniino add; code Was used. Sequence is 
from the first methioniiie codon (top tefl) to the stop codon (asterisk, 
bottom right). Blank represents an amino add identical to that of the 
ARV2 strain. Deletion of the amino acid. 



vpr mutants is very dependent on input multiplicities. This 

mild effect of vpr mutation on yinis replication is puzzling, 

since tluVreadnig frame ts^ w^ 

many strains of HlV but alw^ 

lentiwus, visna virus (28). Moiwver, some sera of infect 

mdividuals recognize the bacterially expressed^ ^ 

(37). Conservation of the vpr open reading frame snggPQtQ 

that it plays an important role in the Bfii cycle of the virus. 
Two possible functions for vpr can be considered, vpr may 





□AYS AFTER INFECTION 

FIG. 3. Growth kinetics of vpr mutants (Af2, Ec, and SI) and 
wild-type virus (432) in M4-8 cells. (A) Viable cell counts per culture 
as determined by trypan blue exclusion. (B) RT activity in culture 
fluids (1.5 ui of supernatants). Cells were infected with the virus in 
the presence of Polybrene, as reported previously (8). Equivalent 
amounts of virus (2 x 10 5 cpm) were used to initiate infection. 
Symbols: O, mock; pNL432; pNL-Af2; pNL-Ec; 
pNL-SI. 



be essential for the growth of HIV in cell types other than the 
CD4+ lymphocytes used in this report. Productive infection 
of monocytes and macrophages has been described recently 
(10, 22). HIV has also been reported to propagate in the 
central nervous system (13, 21, 25). vpr may perform a 
function needed in these tissues. Alternatively, vpr may 
exert a function not readily measured in the tissue culture 
system. Nonpathogenic simian immunodeficiency virus iso- 
lated from African green monkey lacks the vpr open reading 
frame (9). 

At present, the exact nature of vpr is not clear, vpr can 
affect any step of the virus growth cycle (adsorption, pene- 
tration, uncoating, transcription, mRNA processing, trans- 
lation, protein processing, assembly, or maturation) and 
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FIG. 4. Growth kinetics of a vpr mutant (AO) and wild-type 
virus (432) in three human lymphocyte cell lines, MoIt-3, TALL-1, 
and A3.01, by RT assays. Values at the top indicate day after 
infection. Equivalent dose (5 x 10 4 cpm) was used for infection. 
Molt-3 and TALL-1 lines were obtained from the Japanese Cancer 
Research Resources Bank. 



mutants exhibiting the phenotype described here. Several 
characteristics of vpr mutants should be pointed out. No 
significant difference in the transient expression of either 
wild-type or vpr mutant plasmids was observed by tmmuno- 
blotting or electron microscopy (N. Ono, K. Ogawa, A. 
Adachi, and S. Ueda, manuscript in preparation), and RT 
activities in the culture fluids were indistinguishable. Growth 
kinetics of the vpr mutant is clearly distinct from those of v(f 
and vpu mutants. These results suggest that HIV vpr is not 
important in the transmissibility, in the regulation of viral 
gene activity, or in the assembly and release of progeny 
virions. However, detailed genetic analysts coupled with 
biochemical study needs to be carried out to determine the 
function of vpr. In this respect, we have generated mutants 
affecting other genes, and complementation experiments are 
in progress in our laboratory. A comparative functional 
study on vpr of HIV-2 (12) is also important to evaluate this 
question further. 

We thank S. Harada for giving us Molt-4 clone 8 cells. 

This work was supported by a Grant-in- Aid for Cancer Research 
and a Grant-in-Aid for AIDS Research from the Ministry of Educa- 
tion, Science and Culture of Japan. 
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FIG. 5. Effect of input multiplicities on growth kinetics of vpr 
mutants (Af2 and SI) and wild-type virus (432) in A3.01 cells by RT 
assays. Values at the top indicate day after infection. Input amounts 
of virus used for infection were 3 x 10 3 cpm (from 2nd line 2 to line 
4) and 3 x 10 4 cpm (from line 5 to line 7). 
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FIG. 6. Growth kinetics of vif (Nd). vpr (AC); and #11 (Ss) 
mutants and wild-type virus (432) in A3.01 ceils by RT assays. 
Values at the top indicate day after infection. Input dose for 
infection was 3 x 10 4 cpm. Experiments in parts A and B were 
carried out independently. 
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Viral protein R (VPR) is conserved in human immunodeficiency virus types 1 and 2 (HIV-1 and HIV-2). To 
assess its function, we have constructed mutations within the vpr coding regions of HIV-1 and preolrted 
to express truncated VPR products. Infectious virus was produced by each proviral done and sliow^ ^hnlar 
replication kinetics and cytopathogenidty when compared with the corresponding parental proviral clone. 



The human immunodeficiency vims type 1 (HIV-1) ge- 
nome includes three genes, gag, pol, and en\\ encoding 
virion proteins, and six genes encoding proteins which 
potentially regulate virus replication (6, 13). The regulatory 
proteins include transactivator (TAT), a positive-feedback 
regulator; negative factor (NEF), a negative-feedback regu- 
lator; regulator of virus production (REV), a differential 
regulator of virion and regulatory proteins; virion inrectivity 
factor (VIF). which is needed for infection of certain cell 
lines (3); viral protein U (VPU), whose function is unknown; 
and viral protein R (VPR), which was analyzed in this study. 
HIV-2 encodes an additional protein not present in HIV-1, 
viral protein X (VPX), which is dispensable for replication 
and cytopathic effects (5, 7, 8, 17; our unpublished data). 

The vpr gene is found in the central portion of lentivirus 
genomes. In HIV-1 it overlaps vif at its 5' end, and in some 
HIV-1 strains it overlaps tat at its 3' end (16). In different 
HIV-1 strains, the predicted protein products are 78 to 96 
amino acids long and vary by 0 to 7% of amino acids within 
the first 78 amino acids. Thirty-four percent of HIV-1- 
infected individuals and no uninfected individuals possess 
antibodies reactive with a recombinant VPR product. This 
provides evidence for expression of the gene product in 
vivo. 

In HIV-2, vpr follows vif and vpx and precedes tat; it is 
predicted to encode a protein of 105 amino acids (5). The 
VPR products of HIV-1 and HIV-2 are well conserved, with 
52% amino acid homology, only slightly less than that of 
GAG and POL products (16). The vpr gene is also found in 
simian immunodeficiency virus from rhesus macaques (1) 
but not from African green monkeys (4). A similar sequence 
is also found in the visna virus genome (15). 

To analyze the function of the HIV-1 VPR product, we 
constructed three oligonucleotide-directed mutations (15) by 
using a functional proviral clone, pX (2, 12). Oligonucleo- 
tides were synthesized and used for mutagenesis (9) to create 
termination codons at positions 3, 23, and 32 of the vpr gene 
product. The mutation at codon 3 was created by a cytosine- 
to-thymidine transition at nucleotide position 5145 of the 
parental genome, resulting in a 2-amino-acid VPR product. 
At codon 23, a termination codon and a unique Xbal site 
were created by inserting a cytosine residue between posi- 
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tions 5204 and 5205, resulting in a predicted VPR product of 
22 amino acids. At codon 32, a termination codon and a 
unique Xbal site were created by the insertion of a cytosine 
residue between positions 5230 and 5231^ i^ultj^ m a 
predicted VPR product of 31 amino acids. Anotter mutation 
was constructed by digestion at the Ncol ;site ^^|mi£km'- ' 
5256 and insertion of four nucleotides with Eschiiw^a^li 
DN A polymerase I Klenow fragment, causing a frai^^ 
ruutatiuii oner VPR residue 40, which truncates the : rxnotein 
and adds three amino acids. These mutants a^ 
pR2, pR22, pR31, and pR4C, respectively. Each mutton 
was confirmed by nucleotide sequencing (14). 

A mutation in a functional HIV-2 proviral clone (pSE) (10; 
our unpublished results) was constructed by a guanqsine- 
to-thymidine transversion at position 5700, thus mtrotiuctng 
a termination codon at VPR residue 7 and eliininating a SacI 
restriction enzyme site. This clone is designated pMR7. An 
additional clone, designated pMRR, predicted to encode a 
full-length VPR product, was constructed with a change of 
an adenosine to a cytosine at position 5738, introducing a 
Smal restriction site. 

Virus production from each HIV-1 proviral clone was 
assessed by transfection of COS-1 or Jurkat cells and mea- 
surement of soluble p24 antigen production by enzyme- 
linked immunosorbent assay (Du Pont Co.). No! significant 
differences in virus production were detected in cells trans- 
fected with pX compared with those transfected with pR2, 
pR22, pR31, or pR40 (results not shown). Furthermore, no 
differences were noted in TAT production by these clones as 
measured by their ability to frarw-activate HIV-1 long ter- 
minal repeat-directed gene expression (results not shown). 

To produce virus stocks from each proviral done, we 
cocultivated H9 or CEM lymphoid cells with transfected 
COS-1 cells. Total cellular DNA was isolated from the 
infected cells and analyzed by Southern blot hybridization 
(Fig. 1). These data demonstrate that there are equivalent 
levels of proviral DNA in each infected ceil line, as shown by 
the similar intensity of the hybridization signals (Fig. la, 
lanes 1 to 4; Fig. lb, lanes 1 and 2; Fig. lc, lanes 1 and 2; Fig. 
id, ianes 4 and 5; Fig. ic, iarics 2 anu 3). Tiic i>ica«uCv of uic 
mutation in R22 (Fig. la) and R31 (results not shown) was 
confirmed by the demonstration of the presence of an Xbal 
site, as indicated by the presence of a 2.8-kilobase (kb) DNA 
fragment after digestion with BamHl and Xbal (Fig. la, lane 
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FIG. 1. Analysis of DNA sequences in HIV-1- and HIV-2-infected cells. Total cellular DNA was isolated from H9 cells infected with X, 
R2, R22, or R40 (a to c) or CEM cells infected with SE, MRR, or MR7 (d and e). Each DNA sample (10 u,g) was digested with either Xba\ 
and BqmHl (a), Eeokl (b), Ncol and Bg!\\ (c), B#l\ and Sad (d), or Bull and Smai (e). Controls include DNA from uninfected H9 or CEM 
cells or the same DNA to which 0.1 ng of cloned plasmid DNA from each proviral clone was added. Blots were hybridized with hexamer 
primer-labeled probes that include nucleotides 222 to 9213 of HIV-1 (a to c) or nucleotides 503 to 8598 of HIV-2 (d and e). Numbers to the 
left of each panel represent the size of the DNA fragments in kilobases. 



2). The mutation in R40 was shown by the loss of the Ncol 
site (Fig. lc, lane 2). The mutation in MRR was confirmed by 
the presence of a Smai site demonstrated by ihe cieavage of 
the 8.1-kb DNA fragment to 5.2- and 2.8-kb fragments with 
Bgfland Sma\ (Fig. le, lane 3). The mutation in MR7 was 
confirmed by demonstrating the loss of a Sad site in the 
polymerase chain amplified product of DNA from the in- 
fected cells (results not shown). These data suggest that 
fewer than 10% of the viral genomes have reverted. 

Results of Southern blot analysis of restriction enzyme 
digests of the recombinant proviral DNA clones are also 
presented for comparison (Fig. la, lanes 5 to 8; Fig. lb, lanes 
3 and 4; Fig. lc, lanes 4 and 5; Fig. Id, lanes 2 and 3; Fig. le, 
lane 1). It should be noted that EcoRl digestion of plasmids 



pR2 and pX generates hybridizing bands of 16.0 and 1.1 kb, 
whereas the EcoRl digestion products of infected-cell DNA 
ctic duuui 9.0 a.m 1.1 kb, owing to the !css cf piasrrJd DNA 
sequences (Fig. lb). 

Titers of virus stocks from conditioned medium of the 
infected H9 cells were determined by reverse transcriptase 
(11) and soluble p24 antigen assays. Equivalent amounts of 
undiluted, 5-fold-diluted, or 25-fold-diluted virus were then 
used to infect Molt-3 cells (Fig. 2a). Similar infectivity and 
replication rates were seen in viruses with or without an 
intact vpr gene, as demonstrated by a similar production of 
reverse transcriptase over time at each dilution. Further- 
more, no alterations in cytopathogenicity were detected, as 
measured by cell killing (Fig. 2b) or syncytium production 




Tlm« (days) Tint id.y.i 

FIG. 2. Viruses from HIV-1 VPR mutant clones demonstrate similar iniecuvuy. replication, ami cyiopaihugeniciiy 10 virus from ihe 
parental clone. Equivalent amounts of X, R2, R22, R31. and R40. as determined by reverse transcriptase and soluble p24 antigen 
measurements, were used to infect Molt-3 cells by using an undiluted. 5-fold-diluted, or 25-fold-diluted virus stock, (a) Reverse transcriptase 
activity was measured with eightfold-concentrated samples of conditioned media at the indicated time points, (b) The number of cells in each 
culture infected with undiluted virus stocks was determined with a hemacytometer. 
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FIG. 3. Viruses from HIV-2 VPR mutant and parental clones demonstrate similar infectivity, replication, and cytopathogenicity. (a) 
Equivalent amounts of SE, MR7, and MRR virus, as determined by reverse transcriptase measurements, were used to infect primary human 
lymphocytes using an undiluted. 5-fold-diluted , or 25-fold-diluted virus stock. Reverse transcriptase activity was measured 2 days later. These 
values were more than 10-fold higher than those of the initial virus inocula. (b) Equivalent amounts of virus from COS-1 cells transfected with 
pSE (□), pMR7 (O), or pMRR (■) and cocultivated with CEM cells were used to infect (J937 or CEM cells. Simiter amounts of conditioned 
media from CEM celis cocultivated with COS-1 cells transfected with a pUC plasmid (pUC9) which lacks HIV sequences were used as a 
negative control (•). The cell number in 0.4-ml cultures in a 96-weII plate were determined at each of the indicated time points with a 
hemacytometer. 



(results not shown). Similar infectivity, replication, and 
cytopathic effects were found with R2, R22, R31, R40, and X 
in H9, Mo!t3 and CEM cells and with R40 and X in U937, 
SUP.T1, and peripheral blood mononuclear cells (results not 
shown). 

The HIV-2 VPR mutant, MR7, also demonstrated similar 
virus production to that of SE and MRR after transfection of 
COS-1 cells (results not shown). Virus obtained from MR7 
infected and replicated at a similar level to SE and MRR in 
CEM, Sup Tl, U937, and H9 cell lines (results not shown) 
and peripheral blood mononuclear cells (Fig. 3a). No differ- 
ences in syncytium production (data not shown) or cell 
killing (Fig. 3b) were noted for MR7-, SE-, and MRR- 
infected cells. 

These data demonstrate that vpr is dispensable for HIV-1 
and HIV-2 infectivity, replication, and cell killing. Although 
the VPR protein is synthesized in infected individuals (16). 
currently available antisera have not detected VPR in in- 
fected cells. It is possible that VPR has subtle regulatory 
effects on the virus life cycle, which may not have been 
detected in the current study. Furthermore, although a broad 
range of cell lines and normal peripheral blood lymphocytes 
were examined in this study, effects of VPR in other cell 
types cannot be excluded. Another possibility is that the vpr 
genes from the particular HIV-1 or HIV-2 clones used in this 
study were partially or completely inactive. Alternatively, 
VPR may regulate virus replication in vivo in ways that are 
not detectable in our tissue culture models. 
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The vpr product of the human immunodeficieitcy virus type 1 (HIV-1) acts in trans to nmln alf virus 
replication and cytopathic effect in T cells. Here it is shown that the HIV-1 viral partkte mntatn* "M ftpfr 
copies of the vpr protein. The vpr product Is the first regulatory protein of HIV-1 to be found in the virus 
particle. This observation raises the possibility that vpr acts to facilitate the early steps of infection before de 
novo viral protein synthesis occurs. 



The gag, pot, and env genes of human immunodeficiency 
virus type 1 (HIV-1) encode the structural and implicative 
proteins that are incorporated into the virus particle. HIV-1 
specifies at least six additional proteins which regulate viral 
replication (Fig. 1). Two of these genes, tat and rev, are 
essential for virus replication. The remaining genes, nef, vif, 
vpu, and vpr, are not required for virus replication, although 
mutations in these genes alter the replication properties of 
the virus (3). vpr was recently demonstrated to accelerate 
the replication and the cytopathic effect of HIV-1 in CD4 + T 
cells (2, 5). vpr was also shown to specify a 15-kilodalton 
(kDa) protein that acts in trans to increase expression of 
viral proteins, vpr also stimulates expression of heterologous 
genes driven by the HIV-1 long terminal repeat (LTR) as 
well as other promoters (2). 

To determine whether the vpr protein is incorporated into 
the virus particle, CD4 + T cells were transfected with 
infectious proviruses isogenic except for the expression of 
vpr. Cells were transfected by the DEAE-dextran technique 
(8). The provirus that expresses the full-length vpr protein of 
96 amino acids is designated HXBRU*. A provirus isogenic 
except for a frameshift mutation in vpr that is predicted to 
terminate the product at amino acid 40 was used as a control 
(HXBRU") (2). 

Eight days posttransfection, both cultures were metabol- 
ically labeled with 100 u.Ci of [ 35 S]cysteine per ml for 8 h as 
described elsewhere (9). Cells were collected by centrifuga- 
tioni washed once with phosphate-buffered saline, and lysed 
with 750 |d of a buffer which contained 0.05 M Tris hydro- 
chloride 7.0), M NaCl, 1% Triton X-100, 1% 
sodium deoxycholate, and 0.1% sodium dodecyl sulfate. The 
medium containing the virus particle was centrifuged at 800 
x g and passed through a 0.22-iun-pore-size filter to prevent 
cell contamination of the supernatant. Cell-free supernatants 
were then centrifuged for 1 h at 16,000 rpm in an Eppendorf 
microcentrifuge. 

Lysates Were prepared from both the labeled transfected 
cells and from the virus pellets. The cell and viral lysates 
were immunoprecipitated as described previously (9) with 
antiserum from a patient with acquired immune deficiency 
syndrome (AIDS) which recognized a broad spectrum of 
viral structural proteins. The lysates were also precipitated 
with a monospecific anti-vpr serum. The rabbit vpr antise- 
rum used was raised against a synthetic peptide correspond- 
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ing to the amino-terminal 19 amino acids of the vpr protein. 
As described previously (2), this antiserum recognizes a 
15-kDa protein in cells producing the vpr protein (Fig. 2A, 
lane 1). The peptide used to raise the antiserum competed for 
recognition of the 15-kDa protein (lane 2). The vpr product * 
was not detected in cells producing the HXBRU~ virus (lane 
4). 

The vpr peptide antiserum also recognized the 15-kDa 
protein in the lysates of pelleted virus prepared from cells 
producing the HXBRIT virus (Fig. 2B, lane 1). No vpr 
product was detected in viruses pelleted from cultures 
producing the HXBRU' virus (Fig. 2B, lane 3). In addition, 
a protein of approximately 9 kDa of molecular mass was 
detected only in viruses pelleted from cultures producing the . 
HXBRU" and HXBRU" viruses with both the vpr peptide 
antiserum and the AIDS patient serum (Fig. 2B, lanes 1 to 4). 
The recognition of this 9-kDa protein was not competed for 
by the vpr peptide, suggesting a nonspecific reaction (data 
not shown). These results indicate that the vpr protein is 
associated with the virus particle. The association appears to 

fi 0 □»» 

l' gag I |wjf] tatll ten 

tat(f]ypu iwQ 

I P* I ill I* env | 

vpr rev 

0123458789 tO 
i 1 1 1 1 ^ ^ ' ■ ' ' 

EooRJ Moof Kfinl 
(4193) (5355) (5893) 

FIG. 1. Genetic organization of HIV-1. Arrows indicate the 
initiator AUG codons in viral genes. To generate a vpr* provirus, a 
segment of the HXBc2 provirus (6) located between the C terminus 
of pol (EcoRl at nucleotide position 4193 ;+ 1 is the site of initiation 
of transcription) and the N terminus of env (Kpnl site at nucleotide 
5893), a region that contains the entire vpr coding sequence ( ESI ), 
was replaced with the corresponding segment derived from the 
closely related BRU provirus (10). The genotype of the resul- 
tant provirus (HXBRU + ) is 5' LTR HXBc2 gav*HXBci PoThxbcs 

Vpr + BR u ffl/ + BRU ** V+ BRU v P u *BK\i env *HXBti rU fttXBc2 3' 

LTRhxb^. Introduction of a frameshift at an Ncol site (nucleotide 
position 5255) in HXBRU'*' generated a provirus expressing a 
truncated vpr product (HXBRU") (2). The location of the recently 
identified coding sequences of the tat-env-rev (mv) fusion protein is 
shown (7a). 
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FIG. 2. Detection of the vpr product in the extracellular virions. (A) Lysates prepared from ["SJcysteine-labeled Jurkat cells transfected 
with either HXBRU* (lanes 1 to 3) or HXBRU" (lanes 4 to 6) provirus were immunoprecipitated with vpr peptide antiserum (lanes 1 and 4), 
vpr peptide antiserum preincubated with 500 u,mol of peptide (lanes 2 and 5), or AIDS patient serum (lanes 3 and 6). (B) Lysates of pelleted 
virus prepared from Jurkat cells transfected with either !'XBRU + (lanes 1 and 2) or HXBRU (lanes 3 and 4) provinis were 
immunoprecipitated with vpr peptide antiserum (lanes 1 and 3) or AIDS patient serum (lanes 2 and 4). (C) Pelleted virions prepared from [ 
cysteine-labeled HXBRU + -transfected Jurkat cells were suspended in 400 uJ of TNE, layered on a 15 to 60% (wt/vol) sucrose gradient, and 
centrifuged at 45,000 rpm for 3 h as described previously (1). Eleven fractions (400 |U each) were collected. Reverse transcriptase assays (7) 
were performed on 50-uJ portions of each fraction (A). Ten microliters of each fraction was counted in a liquid scintillation counter to 
determine the amount of [ 35 S]cysteine-Iabeled proteins (•). (D) Immunoprecipitates of either 240 or 100 u.1 of each sucrose gradient fraction 
with vpr peptide antiserum (a) or AIDS patient antiserum (b), respectively, kd, Kilodaltons. 
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be specific, since in similar experiments using this and other 
proviruses, monospecific antiserum to the tat, rev, vpu, and 
nef proteins did not detect these proteins in the pelleted 
fraction of the viruses (data not shown). 

To rule out cell contamination in the supernatant, the 
suspended HXBRIT virus pellet was layered onto a sucrose 
gradient as described previously (1). The virus was sus- 
pended in 400 |il of a buffer (TNE) which contained Tris (10 
mM; pH 7.4), 100 mM NaCl, and 1 mM EDTA. A 4-ml linear 
sucrose gradient (15 to 60%, wt/vol) spun at 45,000 rpm for 
3 h was used. Eleven fractions of 400 pJ each were collected. 
The amount of [ 3S S]cysteine-labeled protein in each fraction 
and the reverse transcriptase activity were determined (Fig. 
2C) (7). Additionally, each fraction was precipitated with 
either an AIDS patient antiserum or the monospecific vpr 
antiserum (Fig. 2D). The vpr protein cosedimented with 
virus particles by all measures used (Fig. 2C and D). The 
peak of vpr protein corresponds to the peak of reverse 
transcriptase activity, the peak of [ 35 S]cysteine-labeled pro- 
teins in the gradient, and the peak of virion proteins as 
detected by AIDS patient antiserum. 

The amount of radioactivity in the bands corresponding to 
p24, pl7, and vpr pl5 protein in the immunoprecipitates of 
cell iysates and virus particles was determined. The results 
showed that the ratios of the proteins associated with the 
viral particles znd the cells were roughly equivalent, be- 
tween 5:1 and 10:1 (data not shown). Although it is difficult 
to calculate stoichiometry from such measurements because 
the efficiency of immunoprecipitation may vary for each 
protein, the results indicate that multiple vpr proteins were 
incorporated into each virion. 

The results of these experiments demonstrate that the vpr 
protein is incorporated into cell-free virus particles. The vpr 
protein is the first regulatory product of HIV-1 to be found 
associated with viral particles. Experiments similar to these 
failed to detect the tat, rev, vpu, or nef protein associated 
with virus particles (E. A. Cohen, J. G. Sodroski, and W. A. 
Haseltine, unpublished observations). The vpx protein of 
HIV type 2 and of the simian immunodeficiency virus was 
also recently reported to be associated with the virus parti- 
cles (12). There is no similarity in amino acid sequence 
between the vpr and vpx proteins. 

The mechanism by which vpr becomes associated with the 
virus particle is unknown. Other capsid proteins are made as 
gag or gag-pol precursors and assembled as units into the 
budding particle (4, 11). The vpr protein is not known to be 
part of such a larger precursor and must have an independent 
means of association with the nascent particle. 

The presence of a transactivating protein in the mature 
virus particles suggests that this protein plays a role in early 
steps of virus infection. Possible roles for such a protein 
include facilitation of the reverse transcription reaction, 
stabilization of RNA, stabilization of RNA-DNA or DNA- 
DN A structures, facilitated migration of the pro viral DN A to 
the nucleus, and facilitated integration. The ability of the vpr 
protein to increase the rate of expression of the HIV-1 and 
other promoters raises the possibility that the virion-associ- 
ated vpr may activate early transcription of the HIV-1 



provims. The vpr product may also alter cellular expression 
before viral RNA transcription begins. Alteration of the cefl 
environment by vpr carried into the cell by the infecting 
virus may alter the initial rate of HIV-1 RNA accumulation 
before viral proteins are made de novo. 
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The subcellular localization of human immunodeficiency virus type I (HIV-1) viral protein R (Vpr) was 
examined by subcellular fractionation. In HIV-l-infected peripheral blood mononuclear cells, Vpr was found 
in the nuclear and membrane fractions as well as the conditioned medium. Expression of Vpr without other 
HIV-1 proteins, in two different eukaryotic expression systems demonstrated a predominant localization of 
Vpr in the nuclear matrix and chromatin extract fractions. Deletion of the carboxyl-terminal 19-amino-acid 
arginine-rich sequence impaired Vpr nuclear localization. Indirect immunofluorescence confirmed the nuclear 
localization of Vpr and also indicated a perinuclear location. Expression of Vpr alone did not result in export 
of the protein from the cell, but when coexpressed with the Gag protein, Vpr was exported and found in 
virus-like particles. A truncated Gag protein, missing the p6 sequence and a portion of the p9 sequence, was 
incapable of exporting Vpr from the cell. Regulation of Vpr localization may be important in the influence of 
this protein on virus replication. 



The human immunodeficiency virus type I (HIV-1) genome 
is more complex than those of murine and avian retroviruses. 
In addition to the basic functions encoded by gag, poU and en v, . 
the HIV-1 genome includes at least six additional genes with 
distinct regulatory roles (see references 31 and 39 for reviews). , 
Two of these regulatory genes, tat and rev* are essential for 
virus gene expression. The remaining genes, vpr, vpu % vif* and 
ne/ are dispensable for virus replication in tissue culture, but * 
mutations of these genes alter the replication properties of the 
virus. 

HIV-1 vpr encodes a protein (viral protein R [Vpr]) of 96 
amino acids (27). Previous studies have shown that the vpr 
products can increase the rate of replication of the virus and 
accelerate its cytopathic effects in T-cell lines and in peripheral 
blood mononuclear cells (PBMCs) (6, 8, 28, 29). Cohen and 
colleagues suggested that vpr increased gene expression from 
the HIV-1 promoter, as well as a wide range of other promot- 
ers, but the mechanism of this effect remains to be determined 
(7). vpr is also found in the genomes of HIV-2 and several 
strains of simian immunodeficiency virus (SIV) (5, 14). The 
activity of the HIV-2 and SIV vpr gene products appears to be 
similar to that of HIV-1 vpr (16, 35). Furthermore, SlV mac vpr 
is important for the development of an AIDS-like disease in 
rhesus macaques (22). 

HIV-1, HIV-2, and SIV vpr gene products have 26 to 36% 
amino acid identity (40). Certain features of the Vpr proteins 
among different HIV isolates are highly conserved, including 
the presence of a single cysteine residue at amino acid position 
76 of HIV-1 Vpr, a predicted amphipathic alpha-helical loop in 
the N-terminal portion of the protein, and the presence of an 
arginine-rich carboxyl-terminal tail. 

Vpr is packaged within the HIV-1 virion (6, 45). Similar 
findings have been reported for SIV m;lc Vpr (44). The Vpr 
protein is the only regulatory product of HIV-1 found in virus 
particles, though the homologous vpx gene products of HIV-2 
and SIV mae arc also associated with virus particles (17-19). 
However, the subcellular distribution of Vpr and the mccha- 
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nism of incorporation into virus particles arc unclear. In this 
study, the subcellular localization of Vpr in HIV-l-infected 
PBMCs and in two different vpr expression systems in mam- 
malian cells was examined by subcellular fractionation and 
indirect immunofluorescence techniques. The role in cellular 
localization of the carboxyl-terminal arginine-rich sequence of 
Vpr was specifically studied. Lastly, the effects of Gag coex- 
pression on Vpr export and incorporation into virus particles 
were examined. 



MATERIALS AND METHODS 

Cell lines and culture. COS-7 cells were obtained from the 
American Type Culture Collection and maintained in Dulbec- 
co's modified Eagle's medium (DMEM) supplemented with 
10% heat-inactivated fetal calf serum, 1 mM pyruvate, 100 U 
of penicillin per ml, and 100 u,g of streptomycin per ml. BSC40 
cells were maintained in the same medium. PBMCs were 
purified from normal human leukocytes by centrifugation onto 
Ficoll. After 3 days of stimulation with phytohemagglutinin (15 
ixg/ml; Sigma), PBMCs were maintained in RPMI 1640 me- 
dium supplemented with 10% heat-inactivated fetal calf se- 
rum, 4 mM glutamine, 50 U of recombinant interleukin 2 
(Cetus) per ml, 100 U of penicillin per ml, and 100 u,g of 
streptomycin per ml. 

Vpr and Gag expression plasmids. HIV-1 nucleotides 5558 
to 5869 (numbered according to reference 27) encompassing 
the pNL4-3 vpr gene was obtained by the polymerase chain 
amplification reaction, using primers AATACCATGGAA 
CAAGCCCCAGAAGA and GATGCTTCCAGGGATCCGT 
CTAGG ATCTACTG. The reaction product was digested with 
Nco\ and BamHl and cloned into pTM3 (designated here 
pTM) (12, 26), to produce pTM-VPR. The Ncol BamHl 
fragment of pTM-VPR was cloned between the Sail and Sacl 
sites of pSRalpha (25) after blunt ending with T4 DNA 
polymerase, in the correct orientation (pSR-VPRs) and in the 
incorrect or antisensc orientation (pSR-VPRa) (see Fig. 2A). 
The CRST mutant clone was constructed by digestion of 
pNL4-3 with Sail, at nucleotide 5786, and blunt ending with 
the Klcnow fragment of DNA polymerase I. It was then cloned 
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into the pTM vector by the strategy used to construct pTM- 
VPR. 

An Nvo\-Ncol fragment from plasm id pGGl (3. 32), con- 
taining nucleotides 789 to 5674, was cloned into the Nco\ site 
of plasmid pTM3, to produce plasmid pTM-GAG-POL. This 
clone contains the gag and pol open reading frames. Expression 
of the pol gene was abrogated by framcshift mutation at the 
Bcl\ site at nucleotide 2428 in the 5' portion of pol to produce 
pTM-GAG. Plasmid pTM-GAG(p4l) was constructed from 
pTM-GAG-POL by framcshift mutation at the Apa\ site at 
nucleotide 2005, using T4 DNA polymerase I. This results in a 
termination codon at nucleotide 2058 after the first Cys-His 
box coding region of p9. 

Vpr and Gag p24 antisera. A New Zealand White rabbit was 
inoculated with complete Freund's adjuvant containing 200 u.g 
of Vpr protein, synthesized according to the sequence of 
HIV-1 strain LAI and kindly provided by H. Gras-Massc (13). 
Booster doses of 200 u,g of Vpr in incomplete Frcund's 
adjuvant were given at 3, 6, *), and 18 weeks after the initial 
inoculation. A New Zealand White rabbit was inoculated with 
complete Freund's adjuvant containing 100 u,g of recombinant 
p24 protein (provided by American Biotechnology through the 
NIH AIDS Research and Reference Reagent Program), and 
100-p.g booster doses were given 2 and 4 weeks later. 

Virus infection. HIV-1 virus stocks were generated by 
transfection of 60% confluent 10-cm-diameter COS-7 plates 
with 10 u,g of recombinant proviral clone NLHXADA(GG) 
(41) and 2 p,g of pCVl (tat expression vector (I)) by the 
calcium phosphate precipitation method, followed 5 h later by' 
10% dimethyl sulfoxide shock for 2 min. The cells were washed 
twice with phosphate-buffered saline (PBS) before rcfeeding 
with 10 ml of fresh medium. Culture supernatants were 
harvested after 48 h and filtered (0.2-u,m-pore-size M ill i pore 
filter). Five milliliters of culture supernatant was used to infect 
5 X 10 7 PBMCs. Virus replication was monitored by determi- 
nation of reverse transcriptase activity (30). PBMCs (10 7 ) were 
labeled for 20 h in 2 ml of leucine-free RPMI 1640 medium 
containing 200 u,Ci of [4,5- 3 HJleucine and fractionated as 
described below. Mock-infected cultures were exposed to 5 ml 
of filtered culture supernatants from untransfected COS-7 
cells 

Transfection and radiolabeling of COS-7 cells. COS-7 cells 
were grown to 60% confluence on 10-cm-diameter culture 
dishes and transfected with 15 p.g of pSR-VPRs or pSR-VPRa 
by lipofection as recommended by G1BCO. Briefly, 15 jjlI of 
Lipofectin (GIBCO) was mixed with 3 ml of Opti-MEM I 
reduced-serum medium (GIBCO), and then 15 u.g of DNA 
was added. The mixture was allowed to incubate at room 
temperature fcr 10 min before addition of the cells. Forty-eight 
hours after transfection, the cells were labeled with 4 ml of 
leucine-free DMEM containing 100 u,Ci of [4,5- 3 H]leucine per 
ml for 40 h. 

Infection-transfection protocol for the vaccinia virus expres- 
sion system. BSC40 cells were grown to 90% confluence on 
10-cm-diameter plates, infected for 1 h at 37°C with vTF7-3 
( 1 2, 26) at a multiplicity of infection of 1 0, and transfected with 
pTM vectors by the lipofectin transfection method. Four hours 
after transfection, the cells were labeled for 20 h with 3 ml of 
leucine-free DMEM containing 100 u,Ci of [4,5- 3 H|leucine per 
ml. 

Subcellular fractionation. Labeled cells were fractionated 
into membrane, cytosolic, post nuclear, and nuclear fractions as 
previously described (23), with minor modifications. Nuclei 
were further fractionated into nucleoplasm, chromatin extract, 
and nuclear matrix as described by Staufcnbiel and Deppert 
(37). Cells were washed with ice-cold PBS and scraped in PBS. 



The cell pellet volume was measured and resuspended in 10 
volumes of Douncc buffer (10 mM Tris-HCI [pH 7.5], 1-5 mM 
MgCK. 10 mM KG, 0.2 mM phcnylmethylsulfonyl fluoride 
[PMSF], 0.5 mM dithiothreitol). The cells were allowed to 
swell on ice for 10 min before disruption with 20 to 25 strokes 
of a Douncc homogenizes A small aliquot was saved and 
mixed with an equal volume of 0.4% (wt/vol) trypan blue in 
PBS to examine cell disruption under phase microscopy. 
Douncc homogenization was continued until >99% cells were 
disrupted. The homogenate was centrifuged at 1,500 rpm for 
10 min in a Bcckman GS-6 rotor to generate the supernatant 
containing both the membrane and cytosolic fractions and the 
nuclear pellet. 

The nuclear pellet was subsequently extracted by four steps. 
First, the nuclear pellet was resuspended in buffer A (10 mM 
N-2-hydroxycthyIpiperazine-N'-2-ethancsulfonic acid fHEPES- 
KOH; pH 7.4), 0.25 M sucrose, 0.2 mM PMSF, 0.5 mM 
dithiothreitol) supplemented with 0.1% (vol/vol) Triton X-100 
and then incubated for 15 min on ice. The nuclei were pelleted 
at 1,500 rpm for 10 min, and the supernatant was designated 
the postnuclcar wash fraction. Second, the pellet was resus- 
pended in buffer A supplemented with 0.5% Nonidct P-40 and 
incubated for 30 min on ice. The nuclei were pelleted again at 
1,500 rpm for 10 min, and the supernatant was designated the 
nucleoplasms fraction. The latter procedure was repeated 
twice, and the supernatants were pooled. Third, the Nonidet 
P-40-extracted nuclear pellet was subjected to DNase I diges- 
tion (1% Ivol/vol| Triton X-100, 1.5 mM MgCl 2 , 0.2 mM 
PMSF, and 50 p.g of DNase I (Sigma] per ml in PBS) for f 15 
min at 37°C. Then an equal volume of 4 M NaCI was added, 
and incubation was continued for 30 min at 4°C The sample 
was then subjected to centrifugation at 2,500 rpm for 10 min. 
The supernatant was designated the chromatin extract, and the 
pellet was resuspended in radioimmunoprecipitation assay 
(RIPA) buffer (1% [vol/vol] Triton X-100, 0.5% [wt/vol] 
deoxycholate, 0.1% [wt/vol] sodium dodecyl sulfate [SDS], and 
0.2 mM PMSF in PBS) for 30 min on ice. The insoluble portion 
was removed by centrifugation at 1,000 rpm for 15 min. The 
supernatant was designated the nuclear matrix. The purity of 
the nuclei was examined by using a control cytosolic protein, 
(J-galactosidase, expressed in the same cells by transfection of 
a cDNA expression clone. More than 98% of the 0-gaIactosi- 
dase activity was found in the cytosol, as measured by enzy- 
matic assay. Only 1.4% of the 0-galactosidase activity was 
detected in the postnuclear wash fraction. No detectable 
activity was found in the purified nuclei. 

For the membrane and cytosolic fractions, the salt concen- 
tration was adjusted to 0.15 M NaCI and then the preparations 
were fractionated by ultracentrifugation at 100,000 X g for 30 
min. The supernatant was designated the cytosolic fraction. 
The pellet was washed with 1 M NaCI in PBS for 30 min on ice, 
and ultracentrifugation was repeated. The supernatant was 
designated the membrane wash fraction, and the membrane 
pellet was resuspended in RIPA buffer. 

Immunoprecipitation. Equivalent proportions (volume/vol- 
ume) of each of the subcellular fractions were precipitated 
overnight with 10% trichloroacetic acid at 4°C The resulting 
pellets were washed in 70% ethanol, solubilized in sample 
buffer (0.125 M Tris-HCI [pH 6.8], 20% glycerol, 10% [vol/vol] 
2-mcrcaptoethanol. 4% [wt/vol] SDS). An aliquot was taken 
for scintillation counting to determine relative labeled protein 
content. 

Equivalent proportions (volume/volume) of each of the 
subcellular fractions were adjusted to 500 u.1 of RIPA buffer. 
Immunoprecipitation was performed by the addition to 500 u.1 
of each fraction 5 jtl of anti- Vpr antiserum or 5 u.1 of anti-Gag 
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antiscrum. Incubation was continued overnight at 4°C. Twenty 
microliters of protein • A-Scpharose beads (50% [vol/vol) in 
PBS) was added, and the mixture was incubated for 120 min at 
4°C. Immunoprecipitates were collected at 500 x g for 3 min 
at room temperature and washed three times with RIPA 
buffer. The beads were resuspended in 30 u.1 of sample buffer. 
Samples were treated at I00°C for 10 min before SDS-I2<# 
polyacrylamide gel electrophoresis (PAGE), fixation for 30 
min in 25% isopropanol-10% acetic acid, treatment with 
Amplify (Amersham), and autoradiography were performed. 
Band intensities were determined by densitometry. 

Immunofluorescence. BSC40 cells (10 4 ) were plated on 
eight-well Lab-Tek chamber slides overnight. The cells were 
infected with vTF7-3 and transfectcd as described above. The 
cells were fixed with 25% (wt/vol) glutaraldehydc for 15 min 
and pcrmeabilizcd with 0.2% (vol/vol) Triton X-100 for 6 min 
at room temperature. The cells were then blocked for nonspe- 
cific binding of immunoglobulin by incubation for 30 min with 
PBS containing 5% (wt/vol) nonfat dry milk and (vol/vol) 
Twcen 20. Slides were then incubated with rabbit anti-Vpr 
antibody (1:100 in Twcen buffer [PBS with (K5% Tween 20 and 
1% bovine scrum albumin]) and mouse monoclonal antihis- 
tone antibody (1:500 in Twecn buffer; Chcmicon) for I h at 
room temperature. The cells were washed several times with 
0.3% (vol/vol) Triton X-100 in PBS and incubated at 4°C for 60 
min with fluorescein isothiocyanate (FITC)-conjugated goat 
anti-rabbit immunoglobulin G to detect Vpr and rhodaminc- 
conjugated goat anti-mouse immunoglobulin G to detect his- 
tories. The slides were washed extensively with PBS and 
mounted in Aqua mount solution (Lcrncr Lab) containing 
2.5% l,4-diazobicyclo-[2,2,2|-octanc (Sigma) to prevent pho- 
toblcaching of the FITC signal. Slide preparations were exam- 
ined on a Nikon fluorescence microscope equipped with 
appropriate filters and a microflcx UFX camera system. Pho- 
tographs were prepared by using Kodak T-MAX film, push 
processed to ASA 3200. 

Sucrose gradients. BSC40 cells were infected, transfectcd, 
and labeled with ['Hjlcucinc as described above. Cellular 
debris was removed from the conditioned medium by centrif- 
ugation at 2,500 rpm for 15 min in a Beckman GS-6 rotor. 
Particles were concentrated by sedimentation through a 20% 
sucrose cushion prepared in PBS at 28,000 rpm for 90 min at 
4°C in an SW28.I rotor. Particles were resuspended in 200 u.1 
of PBS, layered on a linear 20 to 60% sucrose gradient in PBS, 
and centrifuged in an SW28.I rotor at 20,000 rpm for 16 h at 
4°C. Fractions were collected from the top of the tube. 



RESULTS 

Localization of Vpr in H IV- 1 -infected PBMCs. To examine 
the intracellular localization of Vpr PBMCs, a natural target 
cell population, were chosen for HIV-1 infection. HIV-I strain 
NLHXADA(GG) was chosen since it encodes a functional 
%-amino-acid form of Vpr identical in amino acid sequence to 
that encoded by NL4-3 (27. 29, 42). Nine days after infection, 
the cells were labeled for 20 h with [**H)lcucine, lyscd by 
Douncc homogenization, and then fractionated into nuclear, 
cytosolic, and membrane fractions by differential ccntrifuga- 
tion. Each fraction was immunoprecipitatcd with a polyclonal 
rabbit anti-Vpr intiserum and subjected to SDS-PAGE (Fig. 
1). A Vpr-speciric protein of 14 kDa was detected in NLHX 
ADA(GG)-infec(cd cells and conditioned medium but not in 
mock-infected cultures. This protein was not immunoprecipi- 
tatcd with a control antiserum obtained from the preblced 
scrum of the same rabbit prior to inoculation with the synthetic 
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FIG. 1. Localization in PBMCs of Vpr expressed from infectious 
virus. PBMCs were infected for 9 days with HIV-I strain NLHX 
ADA(GG) or were mock infected, the cells were lai*cled with 
|*H (leucine, the medium was harvested (S). and the cells were 
fractionated into nuclear <N), cytosolic (C). and membrane (M) 
fractions as described in Materials and Methods. Equivalent portions 
of each fraction were immunoprecipitatcd with the anti-Vpr antiserum 
and analyzed by SDS-PAGIS. Molecular mass markers arc shown at 
the left in kilodaltonv 



Vpr used for production of the anti-Vpr antiserum (not 
shown). 

The majority of Vpr was found in the culture supernatant, 
consistent with previous reports that Vpr is virion associated 
(6. 45). Intracellular Vpr was found in both nuclear (26%) and 
membrane (2(1%) fractions. Vpr in the nuclear fraction was not 
due to contamination with unbroken cells, which made up 
<\% of the total cell population used in the fractionation 
experiments. Less than 4% of the Vpr was found in the 
cytosolic fraction. Approximately 50% of the labeled Vpr was 
found in the conditioned medium. 

Expression and localization of Vpr in mammalian cells. To 
study the cellular localization of Vpr without the effect of other 
HIV-1 components, the NLHXADA(GG) iy>r gene was cloned 
into a simian virus 411 (SV40)-based vector system, pSRalpha, 
in both the correct (pSR-VPRs) and incorrect or antisensc 
(pSR-VPRa) orientations (Fig. 2A). The expression plasmid 
contains both the SV40 early enhancer (SV40-ori) and a 
human T-ccll leukemia virus type I (HTLV-I) promoter with R 
and U5 elements of the HTLV-I long tcrininal repeat. This 
expression plasmid has previously been reported to achieve 
high levels of expression of a number of different lymphokinc 
cDNAs in a variety of cell types (38) and to facilitate the 
expression of HIV-2 ipx in COS- 1 cells (21). 

pSR-VPRs and pSR-VPRa were transfected into COS-7 
cells, and the cells were labeled with [ 'H]leucine and separated 
into membrane, membrane wash, cytosolic, and nuclear frac- 
tions. Membranes loosely associated with nuclei were removed 
by a wash with 0.1% Triton X-100 and were designated the 
postnuclcar wash. Soluble nucleoplasms proteins were ex- 
tracted with two successive washes in 0.5% Nonidet P-40, 
which pcrmcabilizcs the nuclear membrane (2). This method 
has previously been demonstrated to preserve overall nuclear 
and nucleolar architecture (33). The chromatin fraction was 
obtained by digestion of the resultant insoluble nuclear frac- 
tion with DNasc I and by a subsequent wash in a high-salt 
buffer. This fraction contained all of the major histone proteins 
found in intact nuclei (not shown). The salt- and detergent- 
insoluble fraction was pelleted to yield the nuclear matrix 
fraction, which was solubilizcd in RIPA buffer. 

The partition of Vpr during fractionation was examined by 
immunoprccipitation with the anti-Vpr antibody, SDS-PAGE, 
and densitometry quantitation (Fig. 2B). The chromatin frac- 
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FIG. 2. Localization in COS-7 cells of Vpr expressed from pSR. 
(A) Vpr sense (pSR-VPRs) and antisensc (pSR-VPRa) expression 
plasmids, which include a transcriptional enhancer (SV40-ori), a 
transcriptional promoter (HTLV-I long terminal repeat |R/U5|), and 
a polyadenylation insertion sequence (polyA-ins). (B) Subcellular 
fractionation of Vpr expressed in transfected and [ 3 H]leucine- labeled 
COS-7 cells from pSV-VPRs (S) and pSR-VPRa (A) in postnuclear 
wash (PNW), nucleoplasm (NUCLPL), chromatin (CHR), nuclear 
matrix (MAT), cytosol (CYT), membrane wash (MW), and mem- 
branes (MEM). Equivalent amounts of each fraction were immu no- 
precipitated with the anti-Vpr antiserum and analyzed by SDS-PAGE. 
The electrophoretic position of Vpr is shown by an arrow at the right. 



tion included 17% of the intracellular labeled proteins and 
44% of the total Vpr. The nuclear matrix included 1% of the 
intracellular labeled proteins and 56% of the total Vpr. Less 
than 1% of the total Vpr was found in the other cellular 
fractions. 

Truncation of the C terminus of Vpr impairs nuclear 
localization. Most nuclear localization signals consist of a short 
stretch of positively charged amino acids (15). Interestingly, 
the C terminus of Vpr contains a high proportion of positively 
charged amino acids, including 7 arginine residues among the 
C-terminal 20 amino acids (Fig. 3A). To characterize the role 
of this C-terminal sequence, a vaccinia virus expression system 
was used to achieve high-level and rapid expression of Vpr. 
The NLHXADA(GG) vpr gene was cloned into pTM3, a 
plasmid utilizing a T7 promoter for heterologous gene expres- 
sion. This plasmid was designated pTM-VPR. A carboxyl- 
terminal truncation mutant of pTM-VPR, pTM-CRST, was 
constructed by frameshift mutation at the Sail site. A recom- 
binant vaccinia virus, vTF7-3, which encodes T7 RNA poly- 
merase was used for expression in mammalian cells. 

BSC40 cells were infected with vTF7-3 and transfected with 
pTM-VPR or pTM-CRST. Cells were labeled with pHJIeu- 
cine, cell supernatants were harvested, and disrupted cells were 
fractionated into membrane, membrane wash, cytosolic, and 
postnuclear wash fractions and various nuclear fractions (nu- 
cleoplasms proteins, chromatin, and nuclear matrix). Equiva- 
lent amounts of each fraction were immunoprecipitated with 
the anti-Vpr antiserum and analyzed by SDS-PAGE (Fig. 3B), 
and band intensities were quantitated by laser densitometry 
(Fig. 3C). The predominant Vpr product expressed from 
pTM-VPR had an electrophoretic mobility of a 14-kDa pro- 
tein, with a minor band with a mobility of a 13-kDa protein. 
Vpr expressed from pTM-CRST electrophoresed as a 12-kDa 



protein, consistent with the removal of 17 amino acids from the 
carboxyl terminus. 

Eighty-four percent of pTM-VPR-expressed Vpr was found 
in nuclear fractions, primarily the nuclear matrix and chroma- 
tin fractions (Fig. 3B [left] and C). This result is in agreement 
with the fractionation data with pSR-VPR-expressed Vpr (Fig. 
2). Eight percent of pTM-VPR-expressed Vpr was tightly 
associated with the membrane fraction (Fig. 3B and C, MEM). 
The possible discrepancy in the amount of membrane associ- 
ation of Vpr expressed with the vaccinia virus expression 
system compared with the data obtained with pSR-VPR (Fig. 
2) may be related to the significantly higher level of expression 
of Vpr with the vaccinia virus expression system than with the 
SV40 plasmid expression system. Only 4% of Vpr was found in 
the cytosol (Fig. 3B and C, CYT), and no detectable Vpr was 
released from cells into the cell supernatant. 

Deletion of the arginine-rich C terminus of Vpr resulted in 
a dramatic shift of Vpr cellular localization (Fig. 3B [right] and 
C). Only 25% of the truncated Vpr was retained in the nuclear 
fraction. Furthermore, the distribution in nuclear fractions of 
pTM-CRST product was distinctly different from that of 
pTM-VPR, with the majority of the truncated protein in the 
nucleoplasm. Twenty-four percent of the pTM-CRST protein 
was in the postnuclear wash, compared with 3% of the 
pTM-VPR product. Thirty-eight percetft of the mutant Vpr 
was found in the cytosol, compared with 4% of the parental 
Vpr. Similar amounis of pTM-CRST and pTM-VPR products 
were bound to membranes. 

Indirect immunofluorescence localization of Vpr. Subcellu- 
lar fractionation experiments indicated predominant localiza- 
tion of Vpr in the nucleus. To confirm these results, indirect 
immunofluorescence was performed with fixed cells. BSC40 
cells were infected with vTF7-3 and then transfected with 
pTM-VPR or pTM. Vpr was detected by anti-Vpr rabbit 
antibody and visualized with FITC-conjugated anti-rabbit an- 
tibody. Intense immunofluorescence was observed in the ma- 
jority of cells transfected with pTM-VPR (Fig. 4A, left), but no 
fluorescence was observed in cells transfected with the vector 
pTM alone (Fig. 4A, right) or if preimmune serum was used 
(not shown). 

Four types of staining patterns were observed in four 
independent experiments in which 50 cells were randomly 
selected and enumerated. Sixty-two percent of the cells showed 
a diffuse nuclear and focal perinuclear staining pattern (Fig. 
4B, middle). The nucleus is visualized by phase-contrast mi- 
croscopy (Fig. 4B, left) and mouse antihistone and rhodamine- 
conjugated anti-mouse antibody (Fig. 4B, right). Twenty-seven 
percent of the cells showed focal perinuclear staining only. Six 
percent of the cells had diffuse perinuclear staining with 
intense immunofluorescence surrounding the nucleus. Four 
percent of the cells showed only diffuse nuclear staining 

Influence of Gag protein on Vpr export and virion incorpo- 
ration. In HIV-l-infected cells, Vpr was found to be exported 
into the medium in virus particles (Fig. 1) (6, 45), though no 
export was found when Vpr was expressed in the absence of 
other virion components (Fig. 3). To assess the requirements 
for export, Vpr was coexprcssed with the HIV-1 Gag p55 
precursor protein by using plasmid pTM-GAG. BSC40 cells 
were infected with vTF7-3 and transfected with pTM-VPR 
alone, pTM-GAG alone, or both plasmids. No differences were 
noted in the electrophoretic mobility or quantity of the 14-kDa 
product in the cell lysates with pTM-VPR expressed in the 
presence or absence of pTM-GAG (Fig. 5A, left). The pTM- 
GAG product was primarily a 55-kDa protein, with smaller 
amounts of 43- and 41-kDa products. The latter proteins were 
found to be Gag proteins, since they did not react with a 
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FIG. 3. Subcellular distribution of vaccinia virus-expressed parental Vpr and carboxyl-terminal truncation mutant CRST in BSC40 cells. (A) 
Schematic drawing of the Vpr protein, indicating trie carboxyl-terminal arginine-rich sequence of the wild type (WT) and of the truncation mutant, 
CRST. (B) Vpr expressed from pTM3 in yTF7-3ririfected cells. Cells were labeled with FHJleucine and fractionated into postnuclear wash (PNW), 
nucleoplasm (NUCLPL), chromatin (CHR), nuclear matrix (MAT), cytosol (CYT), membrane wash (MW), membranes (MEM), and cellular 
supernatant (SUP). Molecular mass markers are shown at the left in kilodaltons. (C) Proportion of VPR in each subcellular fraction as determined 
by laser densitometry from pTM-VPR (solid bars)- or pTM-CRST (hatched bars)-transfected cells. 



preimmune serum or the anti-Vpr antibody (not shown). 
These smaller proteins may. represent nonspecific cleavage 
products, products from initiation at a downstream AUG 
codon, or premature translationaj termination. No effects on 
Gag protein expression were noted with coexpression of Vpr. 

Expression of pTM- VPR alone did not result in export in 
the cell supernatant (Fig; 5A, right). Expression of pTM-G AG 
resulted in the 55-kDa product in the cell supernatant. Coex- 
pression of pTM-GAG with pTM-VPi* promoted the export 
of Vpr into the cell supernatant. 

To determine whether the viral proteins released into the 
cell supernatant were associated with particles, sucrose gradi- 
ent analysis was performed (Fig. 6). Particles were first con- 



centrated from the cell supernatant samples by centrifugation 
through a 20% sucrose cushion. The resultant particulate 
material was resuspended and analyzed on a linear 20 to 60% 
sucrose gradient. Each fraction was concentrated with 10% 
trichloroacetic acid and analyzed by SDS-PAGE. No particle- 
associated protein was found from cells transfected with 
pTM-VPR alone (Fig. 6A). Expression of pTM-GAG alone 
resulted in particle-associated Gag protein banding in fractions 
10 and 1 1 , at a density of 1 . 16 to 1 . 1 7 g/ml (Fig. 6B). Expression 
of pTM-GAG together with pTM-VPR resulted in cosedimen- 
tation of both Vpr and Gag in fractions 1 1 and 12, at a density 
of 1.16 to 1.17 g/ml (Fig.6C). 
Vpr packaging was also assessed with a clone expressing a 
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incubated with the anti-Vpr aritiselrum and an ^ x1&;^ 
(X752) by phase-conlrast microscopy (left ^ right) of a representative cell Jncubated^wlh ahti-Vpr 

antiserum and FITC-conjugated goat anti-rabbit immunoglobulin (middle; filler with excitation range of 450 to 490 nm and emission range of 520 
to 560 nm) and antihistone antiserum and rhodamine-conjugaled goat anti-mouse immunoglobulin (right; filter with excitation range of 510 to 560 
nm and emission range of >590 nm). Diffuse nuclear (thin arrow) and focal perinuclear staining (thick arrow) are indicated in the middle panel. 



truncated form of the Gag precursor protein, pTM-GAG(p41 ), 
in which all of the amino acids following the first Cys-His box 
of NC as well as the C-terminal p6 coding sequence were 
removed. This construct has been shown to produce virus-like 
particles in the vaccinia virus infection-transfection system in a 
manner similar to that of pTM-GAG (not shown). When 
roexpressed with pTM-VPR, p41 appeared in the supernatant 
but did not.rcsult in the export of Vpr from the cells (Fig. 5B). 
The failure to detect Vpr in the cell supernatant was due to the 
absence of Vpr export rather than to the lower quantity of p41 
Gag particles produced, since no Vpr was detected, even after 
overexposure of the autoradiogram shown in Fig. 5B. In 
contrast, in the same experiment, production of p55 from 
pTM-GAG resulted in significant export of Vpr. 

DISCUSSION 

Localization of Vpr in the nucleus. In this study, we used 
three different expression systems to provide evidence for the 
localization of a significant proportion of Vpr in the nucleus, as 
demonstrated by subcellular fractionation techniques. In HIV- 
1 -infected PBMCs, 26% of the expressed Vpr was found in the 
nucleus (Fig. 1). In contrast, when Vpr was expressed in the 
absence of other viral components by using an SV40 expression 
plasm id, almost all of the protein was found in the nucleus 
(Fig. 2). Similar results were obtained with the vaccinia virus 
expression system, in which case 84% of the Vpr was found in 
the nucleus (Fig. 3). Results of the indirect immunofluores- 
cence experiments support the results obtained by using sub- 
cellular fractionation techniques, indicating nuclear staining in 
66% of Vpr-expressing cells (Fig. 4; see Results). 

Further fractionation of the isolated nuclei provides addi- 
tional evidence for Vpr localization in the nucleus rather than 



in membranes loosely associated with the nuclear membranes. 
These experiments identified the predominant association of 
Vpr with the chromatin and nuclear matrix fractions (Fig. 2 
and 3). The association of Vpr with the nuclear matrix is 
unlikely to be spurious, since it is resistant to Nonidet P-40, 
DNasc, and high-salt extraction procedures. Although the role 
of the nuclear matrix in transcriptional regulation is unclear, 
several studies have indicated that it may play an important 
role. The nuclear matrix has been reported to have a role in 
mRNA transcription and processing via its involvement in 
attachment and/or association with newly transcribed mRNA 
(20), ribonucleoprotcin particles ( 1 1 ), and pre-mRNA splicing 
machinery (36, 46). Several gene products, characterized for 
their ability to promote oncogenic transformation, are also 
associated with the nuclear matrix. These include the large T 
antigen of polyomavirus (4), myc gene products (9), the 
adenovirus El A protein (10), and the Tax protein of HTLV-I 
(43). The presence of Vpr in the nuclear matrix might indicate 
a role in trans activation of viral gene expression or RNA 
processing. This is consistent with a report by Cohen and 
colleagues suggested that Vpr may serve as a trans activator of 
HIV-I gene expression as well as a trans activator of other 
genes (7). However, the mechanism of this effect and its 
relevance to Vpr action during virus replication remain un- 
clear. Alternatively, Vpr association with the nuclear matrix 
may affect host cell gene expression. This view is consistent 
with a recent report that Vpr induces muscle cell differentia- 
tion (24). 

Though Vpr lacks a classical nuclear localization signal ( 15), 
the carboxyl-tcrminal portion of the protein is rich in basic 
amino acids. A truncation mutation which removes the carbox- 
yl-tcrminal 1° amino acids was found to impair Vpr localiza- 
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FIG. 5. Influence of Gag expression on Vpr localization. (A) BSC40 cells (10 r> ) were grown on 60-mm-diameter plates overnight and then 
infected with vTF7-3 and transfected with 7.5 jig of pTM-VPR (VPR) and/or 7.5 |xg of pTM-GAG (GAG). The negative control cells were 
transfected with 15 jig of pTM vector. The cells were labeled with 100 p.Ci of [ 3 H] leucine per ml for 16 h, scraped in PBS, and resuspended in 
RIPA buffer. The cell tysates and cell supernatant fractions were immunoprecipitated with both the anti-Vpr and anti-Gag antisera and analyzed 
by SDS-PAGE. The electrophoretic positions of Gag and Vpr are shown at the left. (B) BSC40 cells (0.3 x 10 6 ) on 35-mm-diameter plates were 
infected and transfected with 2 u,g of pTM VPR and 0, 4, 8, or 16 u.g of pTM-GAG(p55) or pTM-GAG(p41), as indicated at the top. The cells 
were labeled and analyzed as described above. 



tion in the nucleus (Fig. 3). Furthermore, the distribution of 
the small proportion of truncated Vpr found in the nucleus was 
distinctly different from that of full-length Vpr, with the 
truncated Vpr localized predbrninaritly in the nucleoplasm and 
very little Vpr i n the nuclear matrix or chromatin fractions. It 
is possible that truncation of the carboxyl-terminal portion of 
Vpr alters the conformation of the molecule. Alternatively, it is 
possible that the carboxyl-terminal 1 arginine-rich sequence 
serves as at least part of a nuclear localization signal. This view 
is supported by our preliminary observations that attachment 
of the C-termina! 19-amino-acid Vpr sequence onto p-galac- 
tosidase directs this protein to the nucleus (not shown). 

Previous studjes with lymphoid cells had indicated an im- 
portant functional role for the C-teiminal Vpr sequence (29). 
Therefore, these findings are consistent with an important role 
for Vpr localization in the nucleus for HIV- 1 replication. 

Membrane-associated Vpr. Though very little Vpr could be 
identified in the cytosol, a small proportion was consistently 
associated with the membrane fraction: This observation is in 
agreement with findings of Sato and colleagues (34). In 
H I V-l -infected PBMCs, 20% of Vpr was found in the mem- 
brane fraction (Fig. 1), whereas with the vaccinia virus expres- 
sion form of the protein, 8% was found in the membrane (Fig. 
3B and C). The indirect immunofluorescence experiments also 
suggested that some Vpr is found at an extranuclear site but 



closely associated with the nucleus (Fig. 4; see. Results). The 
latter site may represent intracellular membranes, possibly 
with either the endoplasmic reticulum or Golgi apparatus. 
However, a Golgi location for Vpr is unlikely, since brefeldin A 
treatment did not change Vpr localization (not shown). The 
nature and significance of membrane localization of VPR 
require further analysis. 

VPR export from cells and incorporation into virus parti- 
cles. Several previous studies have demonstrated that HIV- 
and SIV-expressed Vpr is incorporated into virus particles (6, 
44, 45). This finding is in agreement with our observation that 
50% of Vpr expressed in HI V-l -infected PBMCs is exported 
from the cells (Fig. 1). Vpr expression in the absence of other 
viral components resulted in no detectable export (Fig. 3 and 
5). However, coexpression with the Gag pSS precursor protein 
resulted in export of VPR from the transfected cells (Fig. 5) 
and incorporation into virus-like particles (Fig. 6). Thus, Vpr 
incorporation into virus particles is independent of viral enve- 
lope incorporation. This rinding suggests that Vpr associates 
directly or indirectly with a portion of the Gag precursor 
protein. The finding that the p41 truncation form of Gag is 
unable to package Vpr suggests the possibility of an interaction 
between either the p9 nucleocapsid protein or the proline-rich 
p6 protein and Vpr. 

Although the significance of Vpr incorporation into virions 
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FIG. 6. Sucrose gradient analysis of particles released from BSC40 
cells transfected with pTM-VPR (A), pTM-GAG (B), pTM-VPR and 
pTM-GAG (C). Fractions were precipitated with 10% (wt/vol) trichlo- 
roacetic acid and analyzed by SDS-PAGE. Fraction 1 is from the 
bottom and fraction 16 from the top of each gradient. Molecular mass 
markers are shown at the left in kilodaltons. 



is unclear, it is likely that this protein plays an important role 
in early events in the vims life cycle. It is tempting to speculate 
that the nuclear localization domain of Vpr allows targeting of 
the viral preintegration complex to the nucleus. Further studies 
on this important regulatory protein will be required to fully 
elucidate its role in the HIV life cycle. 
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ABSTRACT 

The vpr gene of human immunodeficiency virus type 1 (HIV-1) is one of the seven accessory genes that are 
believed to have roles in the virus replication cycle. We report here the detection of a 13 kD vpr protein in sucrose 
gradient-purified HIV-1. This protein was not detected in cells infected with a virus having a truncated vpr gene 
that lacks the potential to encode for 26 C-terminal amino acid residues. These findings raise the possibility that 
virion-associated vpr proteins may be involved in the early life cycle of HIV-1 replication and suggest that the 
C-terminal region of the vpr gene is essential for its expression. 



INTRODUCTION 

IN ADDITION TO gag, pol, AND env genes, which are com- 
monly found in the genome of replication-competent animal 
retroviruses, seven other accessory genes have been identified in 
human immunodeficiency virus type I (HIV-1). These acces- 
sory genes include vpr, 1 vif y 2 ~ 4 vpu, 5 " 7 tat, s ~ 10 rev, [lA2 tnvi 
tev, 13 - 14 and nef. l5A6 The vpr gene of HIV-1 was initially 
identified as an open reading frame (ORF) in molecularly cloned 
proviruses. 17 This ORF is highly conserved among different 
HIV- 1 isolates and shares substantial homology with the analo- 
gous orf found in the genomes of HIV-2 and simian immunode- 
ficiency virus (SIV). 17-19 

The first proof that the vpr ORF is indeed a coding sequence of 
HIV-1 came from the observation that a recombinant protein 
encoded by the vpr orf was found to react with sera from some 
HIV-1 -infected individuals. 17 Two subsequent studies sug- 
gested that the vpr gene might have a role in the upregulation of 
HIV-1 expression. 20 21 One of these demonstrated that prema- 
ture terminations introduced into the vpr gene caused delay in 
virus replication and reduction in cell killing. 20 The other study 
showed that the vpr gene had a stimulatory effect on the HIV-1 
long terminal repeat (LTR) and several heterologous pro- 
moters. 21 

The vpr protein detected in HIV-1 -infected cells was identi- 
fied as a 15 kD protein and thought to have a role in boosting 
HIV production in the later part of the HIV-i life cycle when 
expression of the tat protein decreases. 21 However, a potential 



role for the vpr protein in the early part of the virus life cycle 
cannot be excluded if the vpr protein is found to be present in the 
virions. This study addresses the possibility that the vpr gene of 
HIV-1 ; like one of the accessory genes of HIV-2/SIV, 22 " 24 
encodes a virion-associated protein. 

MATERIALS AND METHODS 

Plasmid 

The plasmid pRTUB is a subclone of an HIV-1 provirus 
clone, BH10. 15 This plasmid is identical to the previously 
described plasmid, pRTUA, 5 except that the 2.2 kb Kpnl-Kpnl 
fragment derived from the BH 1 0 was in the opposite orientation. 
A 979 bp Haelll-Haelll fragment of pRTUB, which contained 
most of the vpr coding sequence, was cloned into a previously 
described expression vector, p806 25 at the Smal site, to generate 
p806R. Both BH 10 and HXB2 share the same protein sequence 
in the vpr ORF. 26 The vpr ORF in the p806R was verified by the 
Sanger DNA sequencing method 27 to be in-frame with the 
preceding v-Hras. 

Sera 

The procedures for the expression and partial purification of 
the recombinant vpr protein expressed by p806R was as de- 
scribed previously. 5 22 After further separation of the partially 
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purified recombinant vpr protein by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE), the vpr pro- 
tein was excised and used to raise a heterologous goat 
antiserum. 5,22 The goat was boosted with the recombinant 
protein weekly between weeks 2 and 6 after initial immuniza- 
tion. The serum from the 7-week bleeding were used in this 
study. Serum samples of HIV- 1 -infected or uninfected subjects 
were from the Fenway Community Health Center in Boston, 
Walter Reed Army Institute of Research, and Harvard School of 
Public Health. 

Oligonucleotide-directed mutagenesis 

To generate the molecular provirus clone HXB2R, thymidine 
5351 (numbered according to Ref. 28) in the vpr orf of HXB2 
was removed by site-directed mutagenesis. Briefly, a 1 .3 kbNdel- 
Ndel fragment from HXB2, which contained the vpr orf, was 
cloned into the Ndel site of phagemid pGEM-3Zf(-)D, which 
lacks the polylinker sequence of pGEM-3Zf (-) (Promega 
Corp., Madison, WI). Single-stranded uracil-containing phage 
DNA was isolated and used as the template for oligonucleotide- 
directed mutagenesis using previously described procedures. 29 
The mutagenic oligonucleotide, 5'-CCCAATTCTGAAATG- 
GATAAACAGC-3', was synthesized on a Milligen/Biosearch 
8750 DNA synthesizer. The 1.3 kb Ndel-Ndel fragment con- 
taining the desired deletion was verified by DNA sequencing 
and ligated to the Ndel-digested HXB2 fragment of approxi- 
mately 14 kb to generate the HIV- 1 molecular clone, HXB2R. 

Cells and viruses 

Human T-cell line JM 30 was maintained in RPMM640 
medium supplemented with 10% fetal bovine serum (complete 
medium). HIV-1 HXB2 and HXB2R viruses were harvested 
from culture supernatants of COS- 1 transfectants 48 h posttrans- 
fection. The transfection of COS-1 cells was carried out by 
DEAE/dextran method. 22 The culture supernatants were filtered 
through 0.45 \im filters before the amount of virus was deter- 
mined by the reverse transcriptase (RT) assay. 31 

Radioimmunoprecipitation 

Two million JM cells in 9 ml complete medium were infected 
with 1 ml of cell-free supernatant from COS- 1 transfectants for 
12 h before the cells were washed with RPMI-1640 and resus- 
pended in 10 ml complete medium. Based on RT assay, the virus 
content in the inoculum was 100,000 cpm/ml. The RT level of 
the HXB2R- or HXB2-infected JM cultures was followed during 
the course of infection, and the infected cells were metabolically 
labelled with 100 (iCi/ml [ 35 S]cysteine (NEN, Boston, MA; 300 
TBq/mmol) or [ 3 H]leucine (Amersham Corp. Arlington Heights, 
IL; 4,4-7.0 TBq/mmol) for 12 hat Day 10 or Day 11 postinfec- 
tion when RT reached its peak. At the end of labeling, the cells 
were centrifuged at 1 ,000 g for 5 min, washed once with cold 
phosphate-buffered saline (PBS), and lysed in 3 ml radioimmu- 
noprecipitation assay (RIPA) lysis buffer as described pre- 
viously. 2 The culture supernatants were filtered through 0.45 
|xm filters to remove cell debris and centrifuged in a Beckman 
SW28 Rotor at 20,000 rpm for 2 h through a 20% (w/v) sucrose 
cushion. The virus pellet was subsequently resuspended in 0.5 



ml RPMI-1640 and subjected to further purification through a 
discontinuous sucrose gradient. The discontinuous sucrose gra- 
dient was prepared by overlaying eleven 3 ml layers of sucrose 
sequentially with the following concentrations: 55% (w/v), 
50%, 45%, 42.5%, 40%, 37.5%, 35%, 32.5%, 30%, 25%, and 
20%. The virus overlaid on top of this gradient was centrifuged 
in a Beckman SW28 rotor for 20 h before 12 fractions of 3 ml 
each were collected dropwise from the bottom of the centrifuge 
tube. The amount of radiolabeled virus in each fraction was 
measured by scintillation count of a 2 |il aliquot from each 
fraction. The fraction containing the highest radioactivity was 
pooled with two neighboring fractions, diluted threefold with 
PBS, and centrifuged in a Beckman 70Ti rotor for 2 h at 35,000 
rpm. The virus pellets were resuspended in 400 |il RIPA lysis 
buffer. In the parallel analyses using nonradiolabeled viruses, 
the fraction that contained the highest RT activity coincided with 
the fraction having the highest radioactivity. Aliquots of 100 \i\ 
radiolabeled cell lysates or virus lysates were immunoprecipi- 
tated with 20 p,l goat anti-vpr sera and 10 jjl! human HIV-1 
seropositive or negative sera. The immunoprecipitates were 
analyzed as described before. 2 



RESULTS 

Expression of recombinant vpr protein 

Figure la shows the bacterial expression vector, p806R. The 
vpr recombinant protein expressed by this vector contains 70 
amino acid residues from the C-terminus of vpr ORF of BH 10. 
The vpr coding sequence is preceded by 1 1 1 N-terminal amino 
acid residues of \-Hras and 6 amino acid residues from the 
polylinker sequence (Fig., la). The expression of this fusion 
protein is under the control of the inducible tac promoter. After 
induction with isopropyl-P-D-thiogalactopyranoside (IPTG), a 
protein of approximately 25 kD was detected in the induced 
culture of bacteria bearing the plasmid, p806R (Fig. lb). This 
protein was not detected in the uninduced culture (Fig. lb). By 
immunoblotting analysis, this recombinant protein was reactive 
with a goat anti-ras antibody, 22 25 12 of the 46 HIV-1 seropos- 
itive sera and none of the 10 HIV-1 seronegative sera analyzed 
(data not shown). This is in agreement with the results of 
DNA-sequencing analysis which indicate the coding sequence 
of the vpr ORF is in-frame with the preceding sequences. The 
recombinant vpr protein purified on SDS-PAGE (Fig. lb) was 
used to raise a goat anti-vpr serum for identifying the vpr 
protein. 

To identify the vpr gene product, we studied JM cells infected 
by HIV-1 molecular clones HXB2Rand HXB2. The vpr ORF of 
the HXB2R, like that of HIV-1 BRU and HIV-1 MN , has the 
potential to encode a vpr protein of 96 amino acid residues. As 
shown in Figure 2a, the 26 C-terminal amino acid residues of 
HXB2R vpr are nearly identical to those in the vpr orf of 
HIV- 1 BRU and HIV- 1 MN . In contrast, the vpr ORF in the HXB2 
clone has the potential to encode for vpr protein of only 78 amino 
acid residues because of the extra thymidine at position 5351 
(Fig. 2b). Some of the C-terminal amino acid residues that are 
highly conserved among HIV-1 and the more distantly related 
HIV-2 and SIV (Fig. 2a) are not present in this pretruncated 
version of vpr protein. 
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FIG. 1. Expression of recombinant vpr protein, (a) Bacterial expression vector, p806R, was constructed as described in Materials 
and Methods. The insert cloned into the p806 vector and its relationship with the HIV-1 genes are depicted in the top panel. The 
bottom panel shows the predicted amino acid sequence (abbreviated to single letter) of the vpr recombinant protein. The^number 
beneath the amino acid sequence indicates the position of the amino acid residue in the vpr orf. kb = kilobases, K - Kpnl, 
H - Haelll, AmpR = ampicillin resistance gene, lac\ = repressor gene for lac promoter, tac = tac promoter, v-ras - v-Hras 
gene \acL = B-galactosidase gene, (b) SDS-PAGE profile of vpr recombinant protein. Whole cell lysates from IPTG-induced 
(lane I) and uninduced (lane U) p806R-bearing bacteria, as well as partially purified recombinant protein (lane P) are shown. The 
arrow indicates the position of the vpr protein. Migration of protein M r standards is shown on the left in kilodaltons (K). 



The cell lysates from HXB2R-infected JM cells which were 
metabolically labeled with [ 35 S]cysteine were subjected to 
immunoprecipitation analysis (Fig. 3a). A 13 kD protein was 
precipitated by the postimmune goat anti-vpr antiserum and sera 
of HIV-1 -infected donors from the lysates of HXB2R-infected 
cells, but not by the preimmune and sera from HIV-1 seronega- 
tive donors (Fig. 3a). In contrast, the 13 kD protein was not 
detected by any of the sera studied from cells infected by HXB2 



which has a prematurely truncated vpr ORF containing no 
cysteine residues. These observations strongly suggest that the 
13 kD protein is the product of the vpr gene. 

To study whether a pretruncated version of vpr protein can be 
detected in HXB2-infected cells, radioimmunoprecipitation 
analysis was performed using antigens prepared from HXB2- 
infected cells metabolically labeled with [ 3 H]leucine. As shown 
in Figure 3b, the 1 3 kD protein was detected in HXB2R-infected 
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FIG. 2. C-terminal region of vpr protein, (a) Alignment of the C-terminal region of vpr protein of HXB2R with those of several 
HIV-1 and SIV isolates. The dashes indicate the identical residues among these virus clones. Asterisk = stop codon. The spaces in 
the HIV-1 sequences are for the purpose of alignment, (b) Comparison of vpr sequences between the HXB2 and HXB2R. The 
underlined thymidine residue was deleted from HXB2 as described in materials and methods. 



1268 



YUAN ET AL. 



M12345678 



200K- 
92.5K - 
69K- 

46K- 



M12345678 





•fit trztfi- 



gpi60 
gpi20 




- p55 



200K- 
92.5K - 
69K- 

46K- 




£5 



m 



gpi60 
gpi20 



"i.r.- 



*sw« - p55 



&4 



30K 



30K.fP 



- p24 



- p24 



14.3K- 



- p17 



- Vpr 



14.3K- 



- p17 



- Vpr 



A B 

FIG. 3. (a) Radioimmunoprecipitation of HIV- 1 -infected cells labeled with [ 35 S]cysteine. Lysates of JM cells infected by HXB2R 
(lanes 1-4) and HXB2 (lanes 5-8) were immunoprecipitated with preimmune goat antiserum (lanes 1 and 5), goat postimmune 
anti-vpr antiserum (lanes 2 and 6), a representative HIV-1 seropositive human serum (lanes 3 and 7), and HIV- 1 seronegative human 
serum (lanes 4 and 8). The major viral gene products are indicated on the right of the figure. K = kilodalton, M = molecular size 
marker, (b) Detection of vpr protein in HIV-1 -infected cells labeled with [ 3 H] leucine. JM cells infected with HXB2R (lanes 1-4) or 
HXB2 (lanes 5-8) were labeled with [ 3 H] leucine. Cell lysates were immunoprecipitated with preimmune (lanes t and 5) and 
postimmune (lanes 2 and 6) goat anti-v/?r antisera; with a representative HIV- 1 seropositive human serum (lanes 3 and 7) and HIV- 1 
seronegative human serum (lanes 4 and 8). 



cells using the postimmune goat anti-v/?r antiserum and sera of 
HIV- 1- infected donors. However, no truncated version of the 
vpr protein was detected in HXB2-infected cells. 

Vir ion-associated vpr protein 

Figure 4a shows the distribution of RT activity of sucrose 
gradient-purified virions from HXB2R-infected cells. The peak 
RT activity typically fails in fraction 5 corresponding to approx- 
imately 40% (w/v) sucrose. Cell-free virions from [ 35 S]cys- 
teine-labeled HXB2R-infected culture were purified in sucrose 
gradients prepared in parallel experiments and subjected to 
radioimmunoprecipitation analysis. As shown in Figure 4b, a 13 
kD protein was precipitated by the postimmune goat anti-v/?r 
serum and sera from HIV-1 -infected donors, but not by the 
preimmune goat serum or sera from HIV- 1 seronegative donors. 
While the gag, pol, and env encoded proteins were detected in 
viral lysates similarly prepared from HXB2-infected culture, no 
13 kD vpr protein was detectable. 



DISCUSSION 

Evidence was provided here to show that, in addition to 
proteins encoded by the gag, pol, and env genes, HIV- 1 virions 
contain another protein encoded by vpr, one of the seven 
accessory genes. This protein could not be detected in cells 
infected by a virus with a truncated vpr gene. This result is in 
contrast with a previous report based on in vitro translation 21 and 
can possibly be explained by the loss of antigenicity associated 
with the truncation. However, because of the polyclonal nature 
of the goat anti-vpr serum, which was raised against a recombi- 
nant protein containing most of the N-terminal residues of vpr, a 
more plausible interpretation of this finding is that the C-ter- 
minal region of the vpr gene is critical for its expression. This 
result could theoretically be caused by the reduction in the 
stability of the protein product, the efficiency of protein transla- 
tion, and/or, albeit less likely, mRNA stability. 

A possibility for this virion-associated protein is that it is a 
structural component of the virion. Nonetheless, because the 
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infectivity of several vpr mutants, such as HXB2, 17 HX BRU - 
pR2 32 , and pNL-Af2, 20 was known to be unimpaired, ,7 - 20 * 21 32 
it is unlikely that such a dispensable virus protein represents an 
integral part of the HIV-1 structure. 

The vpr protein was reported to have a stimulatory effect on 
HIV-1 LTR and several heterologous promoters. 21 The inability 
to identify specific sequences in the HIV-1 LTR, which medi- 
ates the observed function of the vpr gene, 21 raises the possibil- 
ity that the virion-associated vpr protein may have a function 
similar to that of herpes simplex virus (HSV) VPI6. 33 ' 34 This 
virion-associated protein in HSV is known to work in concert 
with a cellular factor to upregulate the expression of immediate 
early HSV genes in the early part of the virus life cycle. 35 
Interactions between vpr proteins and cellular factors may help 
to establish HIV- 1 infection in resting cells or in some cell types 
in vivo. 

It is worth noting that the C-terminal region of the vpr protein 
is rich in arginine residues (Fig. 2a). The arginine-rich region of 
HIV-1 tat and rev has been demonstrated to have a role in their 
nuclear localization. 36 " 43 This raises the possibility that vpr may 
also be localized in the nucleus of infected cells. However, 
arginine-rich sequences have also been found in several poten- 
tial RNA-binding proteins, including ribosomal proteins, some 
RNA viral capsid proteins and the lambda phage N protein. 44 
The possibility that the virion-associated vpr protein may exert 
its function by directly binding to genomic RNA, the newly 
synthesized viral transcripts, and/or cellular transcripts, remains 
to be considered. 
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FIG. 4. Sucrose gradient purification and radioimmunopre- 
cipitation of [ 35 S]cysteine label HIV- 1 virions, (a) RT activity of 
sucrose gradient-purified HXB2R virions. Fraction one corre- 
sponds to the bottom of the gradient, (b) Fractions 4, 5, and 6 of 
each gradient were pooled and HXB2R (lanes 1-4) and HXB2 
(lanes 5-8) viruses were pelleted. Viral pellets were then 
subjected to immunoprecipitation with goat preimmune (lanes 1 
and 5), postimmune ami- vpr antiserum (lanes 2 and 6), a 
representative HIV-1 seropositive human serum (lanes 3 and 7), 
and HIV-1 seronegative human serum (lanes 4 and 8). 



Since this manuscript was submitted, a similar finding has 
been reported by Cohen et al. 45 
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Summary: Identification of immunodominant T-helper-cell determinants after 
natural infection is an important step in the design of immunogens for potential 
use in vaccination. Using cells from human immunodeficiency virus type 1 
(HIV-l)-infected individuals and a panel of peptides encompassing the se- 
quence of the regulatory protein vpr from HIV-1, we identified the T-helper 
determinant QLLFIHFRIGCRHSR, which is active in 37.5% of these individ- 
uals. To gain insight on the efficacy of this peptide in helping induce neutral- 
izing antibodies against a B-cell determinant (BD), we synthesized constructs 
containing B- and T-cell determinants and tested them in BALB/c mice, the 
highest responders to the T-cell determinant moiety among several strains 
tested. These immunogens induced antibodies against two chosen B-cell de- 
terminants from HIV-1 IIIB gpl60 (amino acids 310-322 from the V3 loop of 
gpl20 and 736-751 from gp4l) that were able to neutralize HIV-1 infection in 
vitro. The highest neutralization titer against HIV-1 IIIB was obtained by im- 
munization with the homopolymer of the construct containing the T-cell 
epitope from vpr and the B-cell epitope from the V3 loop. We believe that the 
immunodominant T-cell determinant from vpr is a promising epitope to con- 
sider in the design of future peptide vaccines. Key Words: Human immunode- 
ficiency virus type 1 — vpr — T-cell determinant — B-cell determinant — 
Immunogenic constructs — gpl20 V3 loop — gp41. 



It is well established that immunization with a 
T-helper-cell determinant (TD h ) covalently linked 
to a B-cell determinant (BD) can induce high anti- 
body titers against the BD (1^4). This finding sug- 
gests the possibility of inducing antibodies against 
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selected BDs of interest, a strategy that may prove 
useful to protect against human immunodeficiency 
virus type 1 (HIV-1) infection because it would 
avoid the appearance of antibodies against certain 
BDs of the envelope protein of HIV-1 that are in- 
duced with this protein and that are known to en- 
hance viral infectivity (5,6). 

Because memory T-helper cells are required to 
elicit a secondary response against an antigen (7), 
the TD h moiety (or moieties) of immunogenic pep- 
tide constructs potentially useful in vaccination 
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against HIV-1 should belong to the antigens of this 
virus. Among them, the regulatory protein vpr is of 
special interest because it is one of the most highly 
conserved antigens present in the virions of all viral 
mutants (8). Thus, with the aim of developing im- 
munogens of the type TD h -BD, we identified the 
regions of vpr that were most commonly recognized 
by T-helper lymphocytes of HIV-l-infected individ- 
uals. We show herein that the sequence QLLFIH- 
FRIGCRHSR is an immunodominant TD h from 
vpr. Moreover, its coupling to a peptide from the 
V3 loop of HIV-1 UIB gpl20 creates an immunogen 
that elicits antibodies specific to the loop that are 
able to neutralize HIV-1 IIIB infection in vitro. 

MATERIALS AND METHODS 
Mice 

Female BALB/c, CBA, and C57BL/6 mice, 4-8 weeks old, 
were purchased from Panlab (Barcelona, Spain). 

Peptide Synthesis and Preparation 
of Homopolymers 

Peptide immunogens were synthesized by the solid-phase 
method of Merrifield (9) using the F moc alternative (10). The 
synthesis was done manually, and the ninhydrin test of Kaiser et 
al. (11) was used to monitor every step. Couplings were repeated 
if necessary until a negative ninhydrin test was attained. All 
peptides were purified by high performance liquid chromatogra- 
phy on a reverse-phase C18 column. Peptide homopolymers 
were prepared from side-chain protected peptide monomers us- 
ing carbodiimide, as has been described (12). Peptides encom- 
passing the entire sequence of vpr and variant peptides from the 
V3 loop were synthesized with a multiple solid-phase peptide 
synthesizer (13). 

Proliferation Assays in Humans 

For the assay of antigen-induced T-cell proliferation, periph- 
eral blood lymphocytes from HIV-l-seropositive donors and 
controls were separated on lymphocyte separation medium 
(Lymphoprep, Pharmacia), washed three times, counted, and 
resuspended at 2 x 10 6 cells/ml in complete medium (RPMI 1640, 
10% pooled human AB serum, and 1% gentamicin). 

Cells (0. 1 ml/well) were added in triplicate wells in a 96-well 
flat-bottomed plate and cultured without stimulation or stimu- 
lated with peptide at a final concentration of 15 n-g/ml for 7 days. 
Cells were pulsed with 1 (jLCi/well for the last 18 h of culture and 
then harvested. The [ 3 H]thymidine incorporated was counted in 
a p-counter. 

IL-2 Assay in Mice 

Eight-week-old mice were immunized at the base of the tail 
and footpads with 200 u,l of an emulsion of peptide (100 p.g/ 



mouse) in complete Freund's adjuvant (1:1). Ten days after the 
primary injection, animals were killed and lymph node cells were 
removed. The lymphocytes were then plated on 96-well plates at 
5 x 10 5 cells/well with RPMI-supplemented medium (RPMI sup- 
plemented with 10% fetal calf serum, 10 mAf glutamine, 100 U/ml 
penicillin, 100 u,g/ml streptomycin, and 5 x 10" 5 M 2-mercap- 
toethanol) or serial dilutions of peptides in a 0.2-ml final volume. 
Supernatants (50 u,l) were removed 24 h later and assayed for the 
interleukin-2 (IL-2) content, as already described (14). 



Immunization Experiments for Antibody Induction 

Groups of three 4-week-old BALB/c mice were immunized by 
i.p. injection of 200 u.1 of an emulsion obtained by sonication of 
100 of complete Freund's adjuvant and 100 u,l of saline solu- 
tion containing 60 ng of peptide antigen: they were boosted at 
days 30 and 45 with the same dose of antigen in incomplete 
Freund's adjuvant. Mice were eye-bled on days 30, 45, and 60 
after the first injection. 



Titration of Antibodies 

Antibodies were titrated by enzyme-linked immunosorbent as- 
say (ELISA). Microtiter wells were coated by overnight incuba- 
tion at 4°C with 50 ^1 of peptide solution (20 u,g/ml of peptide in 
0.1 M sodium carbonate buffer). Wells were then washed three 
times with a solution of phosphate-buffered saline (PBS). To 
block nonspecific antibody binding, the wells were incubated 
with this buffer, also containing 1% powdered milk and 0.1% 
Tween 20 (PBSMT), for 1 h at room temperature. After removing 
the PBSMT, 100 \x\ of different serum dilutions in PBSMT were 
added and incubated at 37°C for 1 h. Wells were washed three 
times with PBS and then incubated at 37°C for 1 h with a 1:1,000 
solution of goat anti-mouse IgG biotinylated whole antibody 
(Amersham, England) in PBSMT. After washing three times 
with PBS, wells were incubated with a 1:500 dilution of horse- 
radish peroxidase-streptavidin in PBSMT (Amersham) at 37°C 
for 1 h. After washing three times with PBS, the color reaction 
was started by adding 100 u.1 of a solution prepared by mixing 10 
ml of 0.6% acetic acid (pH 4.7), 5 uJ of 33% (w/v) hydrogen 
peroxide, and 100 \x\ of a 40 mM water solution of ABTS (2,2'- 
azino-bis (3-ethylbenzthiazoline-6-sulfonic acid). After 60 min 
the plates were read at 405 nm in a Titertek Multiscan MKII 
(Flow Laboratories). 



HIV-1 Neutralizing Assay 

The inhibition of HIV-1 infectivity was assayed using 
HT4LacZ-l cells (a gift of Dr. Saragosti). The cells (10,000 cells/ 
well) were added to a 96-well flat-bottomed plate and cultured at 
37°C and 5% C0 2 for 18 h. Then, 100 u,l of a mixture previously 
incubated at 37°C for 1 h, containing 50 u.1 of serum to be tested 
and 50 p.1 of diluted viral supernatant from Molt-3/HIV-l IIIB cell 
cultures (150-200 syncytia forming units), was added and cul- 
tured for 3 days. The plate was then developed and the syncytia 
counted as previously described (15). A group of three or more 
blue-stained nuclei was considered to be one syncytium. 
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RESULTS 

Identification of TD h from vpr in 
HIV-l-Infected Patients 

Peripheral blood mononuclear cells from 16 HIV- 
1-seropositive patients, with >500 CD4 + cells/ 
mm 3 , were tested in a proliferative assay against 
15-mer overlapping peptides (Table 1) encompass- 
ing the entire sequence of vpr. As shown in Table 2, 
only peptides vprlO, vprl7 and vpr20 were recog- 
nized by the cells. This last peptide was positive for 
six of the 16 HIV-l-seropositive patients tested 
(37.5%), but negative against a panel of 10 HIV-1- 
seronegative individuals. 

Study of the TD h Character of vpr20 in Different 

Mouse Strains 

The potential TD h character of vpr20 in BALB/c 
(H-2 d ), CBA (H-2 k ), and C57BL/6 (H-2 b ) mice was 
studied by immunization with this peptide and by 
measuring the IL-2 production after in vitro restim- 
ulation of their lymph node cells. Figure 1 shows 
that a higher stimulation index for IL-2 production 
is observed in BALB/c mice, proving that vpr20 is 
more immunogenic in BALB/c than in CBA or 
C57BL/6 strains. 

Induction of Antibodies in BALB/c Mice with 
Peptide Constructs Containing vpr20 

To study the effect of vpr20 on the induction of 
antibodies against two BDs from gp!60 of HIV- 

TABLE 1. Synthetic overlapping peptides encompassing the 

sequence of vpr 



TABLE 2. Peptides from vpr recognized by HIV-l-seropositive 
patients with >500 CD4+ cells! mm 3a 



Peptide 



Sequence 0 



01-15 
06-20 
11-25 
16-30 
21-35 
26-40 
31-45 
36-50 
41-55 
46-60 
51-65 
56-70 
61-75 
66-80 
76-90 
81-95 



(vpr7) 

(vpr8) 

(vpr9) 

(vpr 10) 

(vpr 11) 

(vpr 12) 

(vpH3) 

(vprl4) 

(vpr 15) 

(vprl6) 

(vpr!7) 

(vprl8) 

(vprl9) 

(vpr20) 

(vpr22) 

(vpr23) 



MEQAPEDQGPQREPH 

EDQGPQREPHNEWTL 

QREPHNEWTLELLEE 

NEWTLELLEELKNEA 

ELLEELKNEAVRHFP 

LKNEAVRHFPRIWLH 

VRHFPRIWLHGLGQH 

RIWLHGLGQHIYETY 

GLGQHIYETYGDIWA 

IYETYGDIWAGVEAI 

GDIWAGVEAIIRILQ 

GVEAIIRILQQLLFI 

IRILQQLLFIHFRIG 

QLLFIHFRIGCRHSR 

CRHSRIGVTQQRRAR 

IGVTQQRRARNGASR 



Patient 


Recognized peptide 




8803 


vpr20 


8813 


— 


8819 


— 


Al 


vprl7, vpr20 


SDR 


vprlO, vpr20 


J AT 




AGF 


vpr20 


FAS 


vpr20 


NBM 




CB 




PJ 




8807 




8810 




ACC 


vpr20 


SG 




DAE 





a The proliferation assay was carried out using 15 \Lglm\ of 
peptide. Only those peptides giving a stimulation index >3 are 
shown. 



1 IIIB , the peptides shown in Table 3 were synthe- 
sized. BD1 represents residues 310-322 from the V3 
loop of gpl20, and BD2 comprises residues 736-751 
from the gp41 region. Neither of these BDs was 
immunogenic in BALB/c mice. However, when co- 
valently linked to vpr20 (constructs TD h -BDl, TD h - 
BD2, poly 1 and poly 2) high antibody titers were 
induced (Table 4). Polymerization enhanced the an- 
tibody titers against BD1 but lowered those against 
BD2. Although not explicitly shown, none of the 



20 



x 



15- 



o io- 



- 51 
c/) 




BALB/c 

CBA 

C57BU6 




a Peptides contain an extra Val at the C-terminus (not shown) 
that was added for convenience of synthesis. 



0.08 0.4 2 1 0 5 0 
Peptide concentration (p.g/ml) 

FIG. 1. Induction of IL-2 production in vpr20-immunized 
mice after in vitro restimulatton of lymph node cells with 
vpr20. 
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TABLE 3. Peptide constructs used as immunogens a 



Peptide 



Abbreviation 



QLLFIHFRIGCRHSR 

KSIRIQRGPGRAF 

RPEGIEEEGGERDRDR 

QLLFIHFRIGCRHSRKSIRIQRGPGRAF 

QLLFIHFRIGCRHSRR PEG I E E EGG ERD RDR 

(QLLFIHFRIGCRHSRKSIRIQRGPGRAF) 

(QLLFIHFRIGCRHSRRPEGIEEEGGERDRDR) 



vpr20 or TD h 

BDI 

BD2 

TD h -BDl 
TD h -BD2 
poly 1 
poly 2 



a The TD h moiety is shown in bold. 

constructs containing vpr20 induced antibodies 
against the vpr20 moiety. 

Neutralization of HIV-1 Infectivity by Anti-BDl 
and Anti-BD2 Antisera 

The inhibition (90% inhibition titer) of the infec- 
tion of HT4LacZ-l cells by HIV-1 IIIB with the an- 
tisera induced with different peptide constructs is 
shown in Table 5. Clearly, the anti-BDl antibodies 
induced with poly 1 are those induced by the con- 
structs that have the highest inhibition titer. No 
neutralizing titers could be obtained with antibodies 
elicited against control peptides 1 and 2 from gpl20. 

Specificity of Anti-BDl Antibodies for Peptides 
from the Variant V3 Sequences 

The specificity of anti-BDl antibodies induced by 
TD h -BDl and poly 1 was tested by ELISA against a 
panel of 13 synthetic peptides (Table 6) correspond- 
ing to variant V3 loop sequences. Figure 2 shows 
that only peptides 4, 10, and 13 are recognized by 
anti-BDl antibodies. Peptides 4, 10, and 13, but not 
the remaining peptides, share the amino acids QR of 
the central region of V3, which are characteristic of 
the HIV-1 IIIB strain. 



TABLE 4. Antibody titers (xlO~ J ) at day 60 induced after 
immunization with the peptide constructs shown 0 



Titrated against 



Immunized with 



Free BD 



Whole construct 



BDI 

TD h -BDl 
Poly 1 
BD2 

TD h -BD2 
Poly 2 



0.3 
10.6 
14 

0 
21 
13 



0.3 
300 
73 
0 
46 
190 



TABLE 5. Inhibition of the infection of HT4LacZ-l cells by 
HIV- 1 with different anti-peptide antisera 



Antibodies induced with 



90% Inhibition titer 



TD h -BDI 
Poly 1 
TD h -BD2 
Poly 2 

Control peptide V 
Control peptide 2 



20 
80 
10 
0 
0 
0 



a Control peptides 1 and 2 correspond to sequences PTDPN- 
PQEVVLVNVT and EQFGNNKTIIFKQSS from HIV-l nm 
gpl20. They induced anti-peptide antibody titers of 66,000 and 
58,000, respectively. 



DISCUSSION 

Because memory T-helper cells play an essential 
role in the activation of B lymphocytes as well as of 
cytotoxic T lymphocytes (CTLs), vaccines against 
an infective agent should include one or more short 
peptide sequences, from the proteins of this agent, 
that after processing by the antigen-presenting cells 
(APCs) after natural infection are recognized as 
TD^ by class II molecules of the host. Thus, the 
design of potential peptide vaccines implies the 
identification of these TD h sequences in infected 
individuals. These determinants have been used to 
potentiate the induction of neutralizing antibodies 
(16,17) and CTLs (18,19) against HIV-1. 

The recognition of a BD by an immunoglobulin is 
not likely to be species-dependent. For this reason, 
the antibodies induced in an animal species may be 
used to predict the potential viral neutralization 
power of the corresponding immunoglobulin in- 
duced in another animal species. However, the rec- 
ognition of a TD h sequence depends on the class II 

TABLE 6. Synthetic peptides from the V3 loop corresponding 
to sequences found in different virus isolates 



Peptide 


Sequence 


Viral strain 41 


1 


TRPNYNKRKRIHIGPG 


MN 


2 


TRPNNNTRKSIRIGPG 


Consensus C 


3 


TRPNNNTRKSIYIGPG 


SF2 


4 


PNNNTRKSIRIQRGPG 


LAI 


5 


RKSIRIGPGRAFVTI 


b 


6 


RKRIHIGPGRAFYTT 


MN 


7 


RKSIYIGPGRAFHTT 


SF2 


8 


RKSITKGPGRVIYAT 


RF 


9 


HIGPGRAFYTIKNII 


MN 


10 


RIQRGPGRAFVTIGK 


LAI 


11 


YIGPGRAFHTTGRII 


SF2 


12 


TKGPGRVIVTIGQII 


c 


13 


KSIRIQRGPGRAF 


LAI 



Titers are the mean from the serum samples of three mice. 



a As reported by Myers et al. (8). 

b Peptide from LAI strain with QR deleted. 

c Chimeric peptide from RF and LAI strains 
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O 




1 2 3 4 5 6 7 8 910111213 

Peptide number 

FIG. 2. Recognition of peptides from the V3 loop by 1 :500 
anti-(TD b -BD1) and anti-poly 1 antisera. 

molecules of the individual. For these reasons, in- 
sight into the immunogenicity of peptide constructs 
TD h -BD in humans can be obtained by immuniza- 
tion of mice with this type of construct, provided 
that the TD h moiety is recognized by man and 
mouse class II molecules. However, this strategy 
does not take into account differences in antigen 
processing among species. 

In the context of HIV-1 infection, most efforts 
have been made to identify TD h sequences from its 
structural proteins (20-22). However, to our knowl- 
edge, no TD h from the regulatory protein vpr has 
yet been identified. Because this regulatory protein 
is highly conserved, any TD h from its sequence 
would have the advantage of being contained by 
most viral isolates, the sole restriction being asso- 
ciated with the class II molecules of the host. For 
this reason, we identified the TD h from vpr most 
commonly found in HIV-l-seropositive patients, 
with the purpose of engineering immunogenic pep- 
tide constructs to be tested in mice, but for potential 
use in humans. Table 2 shows that 37.5% of patients 
recognized peptide vpr20. This percentage of rec- 
ognition might be related to the class II molecules of 
these patients. However, it cannot be excluded that 
the T cells of some of them were no longer able to 
proliferate in vitro under the conditions of the as- 
say. Thus, the inclusion of this TD h in a peptide 
vaccine construct may provide T-cell help to an 
even wider population. 

According to the principles discussed herein, the 
testing of constructs of the type vpr20-BD required 
an animal model in which vpr20 was recognized as 
a TD h . Thus, we immunized three mice strains: 
BALB/c, CBA, and C57BL/6, which are, respec- 
tively, H-2 d , H-2\ and H-2 b restricted. From Fig. 1 



it is clear that vpr20 is more immunogenic in BALB/c, 
and for this reason we chose this strain to test our 
peptide constructs. 

We decided to use the peptides BD1 (from the V3 
loop of gpl20) and BD2 (from gp41) as BDs, be- 
cause it has been reported that antibodies against 
these regions can neutralize HIV-1 infectivity 
(23,24). We chose the N-terminal position for the 
TD h moiety in the constructs based on previous 
work on the relative position of BD and TD h in the 
immunogens (4). Similarly, we prepared linear poly- 
mers of our peptide immunogens because polymer- 
ization may enhance the immunogenicity of this 
type of construct (12). 

Table 4 confirms the finding (1-4) that the help 
from the TD h is essential to induce antibodies 
against a nonimmunogenic BD, BD1, and BD2. Al- 
though antibodies against the constructs were un- 
able to recognize the TD h moiety, the titers against 
the whole constructs were higher than against the 
BD moieties. A higher specificity/affinity for the an- 
tigen used for immunization and/or a wider poly- 
clonal antibody response might account for these 
differences in titer. The absence of anti-TD h anti- 
bodies after immunization with these constructs is 
desirable because it would avoid the neutralization 
of this moiety in successive immunizations. 

Linear polymerization enhanced the antibody ti- 
ters against the free BD1 moiety but lowered the 
titers against the whole TD h -BDl construct. An op- 
posite effect was found for the case of the TD h -BD2 
construct. This finding shows that the effect of po- 
lymerization on peptide immunogenicity cannot be 
predicted and needs to be tested by a trial-and-error 
approach. 

As shown in Table 5, the highest 90% inhibition 
titers are obtained with the antibodies against BD1, 
a result in agreement with the reported character of 
the principal neutralizing domain of loop V3, which 
contains BD1 (23). Although linear polymerization 
of TD h -BDl moderately enhanced the anti-BDl ti- 
ter, the neutralizing titer increased fourfold. This 
finding probably reflects the fact that the BD1 moi- 
ety in poly 1 , but not in TD h -BDl, is more structur- 
ally similar to the corresponding region on the sur- 
face of the virus. The specificity of these neutral- 
izations was confirmed by the absence of 
neutralization when using antisera against control 
peptides 1 and 2. 

As shown in Fig. 2, the antibodies against BD1 
induced by either TD h -BDl or poly I were able to 
recognize the free BD1 (peptide 13) and also pep- 
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tides 4 and 10. However, they were unable to rec- 
ognize the remaining peptides, showing that these 
antibodies are highly specific for the V3 region con- 
taining the sequence QR, which is found only in 
peptides 4, 10, and 13. This result suggests that to 
induce neutralizing antibodies against a wide range 
of viral strains, the immunogens should contain 
BDs from different V3 isolates (25) as well as from 
other neutralizing domains. Moreover, it would be 
advisable for these immunogens to contain several 
TD h from different regions of the viral proteins in 
order to cover differences in major histocompatibil- 
ity restriction of the subjects and sequence variabil- 
ity due to mutation of HIV-1. Because vpr20 is 
highly conserved and recognized by a large propor- 
tion of infected individuals, we believe that this TD h 
is a promising candidate to consider in the design of 
future peptide vaccines. 
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Summary: To investigate the role of vpr (viral protein R) in the replication and 
cytopathicity of human immunodeficiency virus type 1 (HIV-1), infectious 
proviruses were constructed that were isogenic except for the ability to pro- 
duce the protein product of vpr. The experiments described here demonstrate 
that vpr encodes a 96 amino acid 15 kDa protein. The vpr product increases the 
rate of replication and accelerates the cytopathic effect of the vims in T cells. 
Vpr acts in trans to increase levels of viral protein expression. The stimulatory 
effect of vpr is observed to act on the HIV-1 LTR as well as on several 
heterologous promoters. Key Words: Viral replication — Regulatory proteins. 



* Infection by the human immunodeficiency virus 
type 1 (HIV-1) may result in prolific, controlled or 
silent states of virus replication (1). Knowledge of 
factors that contribute to the complex states of nat- 
ural infection is important to an understanding of 
disease progression and pathogenesis. Part of the 
explanation for the complex replication patterns of 
HIV-1 lies in the intricate genetic structure of the 
virus (2-6). In addition to gag, pol, and env typical 
of retroviruses, HIV-1 contains tat, vif, vpu, rev, 
and nef that modulate virus replication (Fig. 1) (6). 
The experiments described here demonstrate that 
HIV-1 vpr (viral protein R) open reading frame en- 
codes a 96-amino acid 15 kDa protein. The vpr 
product increases the rate of replication and accel- 
erates the cytopathic effect of the virus in T cells. 
Vpr acts in trans to accelerate viral protein expres- 
sion, vpr is capable of stimulating in trans gene ex- 
pression directed by the HIV-1 LTR as well as het- 
erologous promoters. 

The existence of a protein product of vpr, called 
R (7), was previously inferred by the conservation 
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of an open reading frame in diverse HIV-1 isolates 
and by detection in some infected patients of anti- 
bodies that recognize peptides predicted to be made 
from this coding sequence (8). However, neither the 
protein product nor an activity of this genetic region 
has been reported heretofore. 

RESULTS 

Characterization of the Vpr Product in Vitro 

To determine whether the products made from 
the R region of diverse isolates correspond to the 
predicted molecular weights, an antiserum to a syn- 
thetic peptide corresponding to amino acids 1 to 19 
of the R protein was made (Fig. 2). A set of plas- 
mids was constructed in which the Sp6 bacterio- 
phage RNA polymerase promoter (9) was placed 
immediately 5' to the R regions derived from the 
IIIB (HXBc2 and BH10) (2), ELI (E-H12) (10), and 
BRU (pJ19-13) (3) proviruses. The segment of the > 
proviruses inserted in these plasmids extends from 
the 5' end of the R open reading frame through the 
beginning of env (Fig. 1). The genomic sequence of 
these strains predicts that the ELI and BRU provi- 
ruses make R proteins 96 amino acids long, whereas 
BH10 and HXBc2 proviruses (2) derived from IIIB 

11 
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FIG. 1. HiV-1 genetic organization and plasmid constructs. Construction of HXBc2R + provirus. A segment of the HXBc2 
provirus (ret. 2) located between the C terminal of pol (fcoRI site at nucleotide 4193, +1 ~ start of HXBc2 initiation of 
transcription) and the N terminal of env (Kpnl site at nucleotide 5893), a region that contains the entire R coding sequence (light 
shading), was replaced with the corresponding segment derived from the closely related BRU provirus (ref. 3) to yield the R + 
provirus designated HXBRU + . A mutant of HXBRU + was constructed by digestion at the Nco\ site (position 5255 +1 = start of 
BRU initiation of transcription) and insertion of four nucleotides with Escherichia coti DNA polymerase I Klenow fragment, 
causing a frameshtft mutation after R residue 40, which truncates the protein and adds three amino acids. This otherwise 
isogenic provirus encoding an altered R was designated HXBRU". The alignment of the viral reading frame within the BRU 
fragment is shown. Transcription expressors encoding the region between the C-terminal of vif and the N-terminal portion of env 
derived from several provi ruses were also made. Segments of HXBc2 BH10 and HXBRU (dark shading) were cloned into Sp6 
transcription vector (ref. 9) using the conserved Stul (position 4987) and Kpnl (position 5923) site indicated (the nucleotide 
positions indicated are for HXBc2). The fragment derived from the ELI provirus (E-H12) (ref, 10) spanned the region between a 
BamHI site at nucleotide position 5014 and a Pst\ site at nucleotide position 5860. 



make R protein 78 and 17 amino acids long, respec- 
tively (11) (Fig. 2). RNA prepared by in vitro tran- 
scription (9) of the plasmids was used to program a 
rabbit reticulocyte extract in the presence of 
[ 35 S]methionine (12). 

Inspection of Fig. 3 reveals that the sizes of the 
proteins recognized by the anti-peptide sera differ. 
Proteins of 15 kDa were immunoprecipitated from 
reactions containing sequences of ELI and BRU, 
whereas the protein containing BH10 sequences 
was 8 kDa. The proteins recognized by the anti-R 
peptide serum were specifically competed for by 
the peptide itself. As predicted by the amino acid 
sequence, the antiserum failed to recognize the pro- 
tein in the reaction that contained the HXBc2 R 
region sequence. The size of the proteins made in 



these reactions corresponds to that predicted from 
the nucleotide sequence (Fig. 2). 

Replication of Isogenic v/?r-Expressing or 
vpr-Defective Proviruses 

The observation that the proteins made by the R 
regions from independent proviral isolates differed 
in apparent molecular weight raised the possibility 
that the product of the R region of the BH10 clone 
was prematurely truncated because of an insertion 
of an additional thymidine between nucleotides 
5351 and 5352 (+ 1 = site of initiation of transcrip- 
tion of BRU proviral clone), which changes the 
reading frame, and as a consequence that the func- 
tion of the R region products of these strains might 
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FIG 2 Comparative analysis of the predicted R gene product from multiple HIV-1 provirus clones. The HIV-1 isolates compared 
are HXBc2 BH10 (ref. 2), BRU (ref. 3). and EU (ref. 10). HXBc2 has a stop codon after amino acid 17. BH10, which was also 
isolated from the IIIB isolate, Is predicted to make a protein of 78 amino acids. The ELI and BRU provlral clones are predicted 
to make a longer protein of 96 amino acids. The location of the nineteen amino-acid R synthetic peptide corresponding in 
sequence to R of the IIIB (BH10) sequence is also shown (dark bar). M indicates the position of the initiator methionine. 



be defective. Previous attempts to define the activ- 
ity of the R region have been made by introducing 
mutations into the 78 amino acid version of the R 
coding region contained within the BH10 and HXB2 
(pX) subclone of IIIB (8,13). No effect of the open 
reading frame on virus replication was observed in 
these studies. 

To test the possibility that the larger R region 
might specify an active protein, a pair of proviruses 
were constructed that differed only in the ability to 
produce the full length 15 kDa R product. The IIIB 
and BRU strains of HIV-1 are closely related in 
nucleotide sequence. A hybrid between HXBc2 and 
BRU proviruses was constructed in which the se- 
quences between pol and env of HXBc2 were re- 
placed by the corresponding sequences of BRU 
(Fig. 1). The genotype of the resultant virus was 5' 

LTRhxbc2 £G£ + HXBc2 P<>' + HXBc2 V ^BRU R + BRU 

/a/ + BRU rev + BRU vpw + BRU env + iiX Bc2 ^fnxBci 
y LTR HXB c2 (HXBRU + ). An otherwise isogenic 
provirus was made that contained a frameshift mu- 
tation predicted to terminate the R product at amino 
acid40(HXBRU-). 

The role of the R region product in replication 
and cytopathic effect was assessed by transfection 
of a CD4 + human T cell line (Jurkat) with equal 
amounts of the proviral DNA. Immunoprecipitation 
of labeled extracts of these cells with the anti-R 
peptide sera revealed the presence of a 15 KDa pro- 
tein in lysates of cells exposed to HXBRU + DNA 
(Fig. 4). The 15 kDa protein has the same electro- 
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FIG. 3. In vitro characterization of R gene products from 
different proviruses. Transcription expressor plasmids en- 
coding the R region derived from HXBc2 (ref. 2) (lane 1), 
BH10 (ref. 2) (lanes 2-3), ELI (ref. 10) (lanes 4-5), and 
HXBRU+ (lanes 6-7) were linearized at a unique restriction 
endonuclease site located in the polylinker 3' to the proviral 
fragment and used as template for in vitro transcription by 
Sp6 bacteriophage RNA polymerase (ref. 9). The methods 
used to produce the RNA and for in vitro translation and 
immunoprecipitation were those described previously (ref. 
12). The RNA made in vitro has the capacity to encode vpr, 
the first exon of faf and rev, vpu in the case of BH10, ELI and 
BRU, and 40 amino acids of env. In vitro translation of equi- 
molar amounts of RNA as determined by use of equal 
amounts of [ 3 H]cytidine 5'-triphosphate containing RNA, was 
performed in rabbit reticulocyte lysate. Incubation was at 
30°C for 20 min in presence of pS] methionine. Labeled 
products were analyzed by immunoprecipitation with either 
anti-R peptide serum (lanes 1,2,4, 6) or anti-R peptide serum 
in the presence of 500 pAf of R peptide (lanes 3, 5, 7). Immu- 
noprecipitations were analyzed on 12.5% SDS- PAGE. 
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phoretic mobility as the protein made in reticulo- 
cyte extracts and was specifically competed for by 
the peptide itself. No such protein was detected in 
lysates of cells transfected with the HXBRU" or 
HXBc2 DNA. 

The cytopathic effects and replication rates of R + 
and R~ virus differed by all measures (Fig. 5 and 6). 
Syncytia were evident by day 2 in cultures infected 
with R+ virus, and the number of syncytia peaked 
by day 3 (Fig. 5A). Marked reduction in total cell 
number occurred by day 6 as compared to mock 
transfected control cultures (Fig. 5 A). By contrast, 
the number of syncytia in cultures transfected with 
R" virus peaked 2 days later on day 5, and reduc- 
tion in total cell number was not apparent until day 
9. By day 3, abundant virus was detected in the 
medium of the cultures infected with R* virus, as 
measured by extracellular reverse transcriptase ac- 
tivity, and reached a high plateu level by day 6 (Fig. 
5B). Virus production fell markedly by day 10, 
probably reflecting loss of viable cells. Virus pro- 
duction was not detected in cultures infected with 
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FIG. 4. Detection of R protein in infected Jurkat cells. 10 7 
cells were transfected with 10 \tg of either HXBRU + , 
HXBRU", or HXBc2 using a DEAE-dextran transfection tech- 
nique (ref. 14). Six days post-transfection cells that were met- 
abolically labeled with 100 p,Ci/ml [ 35 S]cysteine and 200 
M-Ci/ml [ 3 H]arginine were collected and immunoprecipitated 
as described (ref. 24); HXBRU + infected Jurkat cells were 
immunoprecipitated with antt-R peptide serum (land 2), anti- 
R peptide serum following a 1 h preincubation of the serum 
with 500 \lM of R peptide (lane 3), or AIDS patient antiserum 
(lane 4); HXBRU" infected cells immunoprecipitated with 
anti-R peptide serum (lane 5), R peptide antiserum plus pep- 
tide (lane 6) or AIDS patient antiserum (lane 7); HXBc2 in- 
fected cells immunoprecipitated with R peptide antiserum 
(lane 8), R peptide antiserum plus peptide (lane 9), or AIDS 
patient antiserum (lane 10). Lane 1 represents the immuno- 
precipitation of the BRU R protein synthesized in vitro in a 
rabbit reticulocyte lysate and Immunoprecipitated with the 
anti R peptide serum. Lane 1 was run on the same gel with a 
shorter exposure. 
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FIG. 5. Replication studies of R + and R~ viruses within 
CD4 + lymphocytes. 10 7 Jurkat cells were transfected on day 
0 with 10 ng of either HXBRU + or HXBRU" as described (ref. 
14). Afterward, the cells were suspended in 15 ml of RPMI + 
15% fetal bovine serum. All transfections were subsequently 
given a complete medium change daily. Effects of virus in- 
fection within each culture were then monitored at regular 
intervals for (A) cell number and syncytia formation and (B) 
supernatant reverse transcriptase activity as described (ref. 
25). (—A—) HXBRU", (— ) HXBRU", (—■---) mock- 
infected cells. 
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R~ virus until day 7 and continued to increase 
through day 12 (Fig. 5B). 

The cultures were labeled with [ 35 S]cysteine on 
days 3-4, 6-7, 9-10, and 12-13. Lysates of cells 
were immunoprecipitated using AIDS patient an- 
tiserum (Fig. 6). Viral proteins were detectable in 
the lysates of cultures transfected with R+ virus by 
day 3 post-transfection, peaked between day 6 to 
day 9, and declined by days 12-13. By contrast, 
cell-associated viral proteins in cells infected with 
J?~ virus first appear between days 6 and 7 and 
persist at a high level through days 12-13, reflecting 
continued viability of this culture. Similar results 
were obtained in three independent experiments. 
The results obtained using similar amounts of/? 4 " 
and R~ virus (as determined by p24 concentration 
and reverse transcriptase activity) to infect Jurkat 
cells also revealed differences in the rate of replica- 
tion and cytopathic effect similar to those obtained 
in the transfection experiments (data not shown). 
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FIG. 6. Imnnunoprecipitation of serially labeled infected 
Jurkat cell lysates with AIDS patient antiserum. Five ml ali- 
quots of infected Jurkat cells were pelleted, washed once 
with PBS, and resuspended in 3.0 ml of cysteine-free RPMI 
supplemented with 10% fetal bovine serum plus 50 p-Ci/ml of 
[^SJcysteine. Cells were labeled overnight on day 3 (lane 
1-2), 6 (lane 3-4). 9 (lane 5-6), and 12 (lane 7-8) post- 
transfection, then collected and immunoprecipitated with 
AIDS patient antiserum as described (ref. 25). Proteins were 
separated by 12.5% SDS-PAGE. Lanes 1, 3, 5, and 7: 
HXBRlT-infected cells; lanes 2, 4, 6, and 8: HXBRIT in- 
fected cells; lane 9: mock-infected Jurkat cells. A similar lag 
in the expression of viral proteins associated with virus par- 
ticles in the cell supernatant was observed between HXBRU + 
and HXBRU" infected cultures. 
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FIG. 7. R expressors plasmids. Plamid RSVER + was con- 
structed by inserting a Ba/nH1 (5014) to Sty\ (5428) fragment 
from the ELI provirus (ref. 10) 3' to the Rous sarcoma virus 
(RSV) long terminal repeat (LTR) and 5' to an SV40 16S RNA 
splice and poly (A) sites (ref. 15). The 414 base pair viral 
fragment extends from the 3' end of vif to 53 nucleotides 
within the tat sequence and has only the capacity to encode 
the 96 amino acids R protein. The control plasmid, RSVER", 
was produced by introducing a Nhe\ linker at an internal Sty\ 
site (5206) creating a premature termination cod on after R. 
residue 35. RSVERA3 was constructed by inserting a 
BamH1, fragment (5014-5379) from the ELI provirus 3' to the 
RSV LTR and 5' to the SV40 16S RNA splice and poly (A) sites 
(ref. 15). The 365 base pair viral fragment encode a shorter R 
protein of 93 amino acids. The BRU R ex pressor plasmids 
were constructed by cloning a Stu\ (4987) to Kpn\ (5923) frag- 
ment from HXBRU + and HXBRU" 3' to the RSV LTR and 5' 
to an SV40 16S RNA splice and poly (A) sites. The open boxes 
represent RSV sequences, the darker shaded boxes HIV-1 
sequences, the lightly shaded boxes SV40 sequences, B - 
BamH1;S = Sfyl; P = Pstl 



Trans- Activating Effects of vpr 

To determine whether the product of the R region 
could act in trans, an R expressor plasmid was 
cotransfected with an indicator HIV-1 provirus that 
is defective for R expression (HXB-CAT) (14). The 
R region of HXB-CAT provirus contains a prema- 
ture termination codon at amino acid 17 (2). The 
gene for the bacterial chloramphenicol acetyltrans- 
ferase (CAT) replaces nef in HXB-CAT and is ex- 
pressed in cells transfected with this provirus (14). 
The R expressor plasmid (RSVER + ) contains the R 
open reading frame of ELI located 3' to the pro- 
moter of the Rous sarcoma virus (RSV) (nucle- 
otides -491 to +33) (15) (Fig. 7). As a control, a 
premature termination condon was introduced 
within the R region of RSVER + at amino acid 35 to 
yield plasmid RSVER" (Fig. 7). 

The ability of the R region to activate expression 
from the HXB-CAT provirus was determined by 
measuring the level of the viral capsid antigen, p24, 
in cell supernatants and the level of CAT activity in 
the transfected cells. Table 1 shows that the amount 
of p24 exported into the culture media and CAT 
activity were increased almost two to threefold in 
the presence of a functional R gene as compared to 
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TABLE 1. Transactivation of viral protein expression by the R gene product 





24 h 




48 h 




72 h 






% CAT/min 


ng p24/ml 


% CAT/min 


ng p24/ml 


% CAT/min 


ng p24/ml 


RSVER+ 
RS VER " 


<0.1 
<0.i 


4.8 
3.2 


0.6 
0.2 


7.2 
3.8 


6.0 
1.9 


9.9 
4.8 



Ten micrograms of HXB-C AT provirus (ref. 14) DNA were cotransfected with 5 p.g of either RSVER* or RSVER - in 10 7 Jurkat cells 
CAT activity and p24 levels were measured at 24, 48 and 72 h post-transfection as described (ref. 14). CAT activity is expressed as 
percent conversion of [ l4 C]chloramphenicol per min by 70 uJ of 1 : 10 dilution of the original sample. Extracellular p24 level were assayed 
with commercial HIV p24 radiommune assay kit according to manufacturer directions. 



the amount made upon transfection with the R neg- 
ative control. 

The capacity of the R expressor plasmid to in- 
crease the amount of viral proteins and CAT activ- 
ity for the HXB-CAT provirus suggests that the R 
product might act in trans to stimulate HIV-1 LTR- 
directed gene expression. Accordingly, the ability 
of the R expressor to stimulate HIV-1 LTR-directed 
CAT expression (16) was tested in Jurkat cells. The 
data of Fig. 8 show that both the BRU and ELI R 
products activate the HIV-1 LTR-derived-directed 
gene expression in trari& by threefold. The threefold 
stimulation of the HIV-1 LTR-directed CAT ex- 
pression was also observed in the presence of an 
active tat product (data not shown). It is notewor- 
thy that the R product also increases the level of 
CAT activity directed by heterologous viral tran- 
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FIG. 8. Effect of ELI R product on HIV-1 LTR. Indicated 
amount of RSVER + or RSVER" were cotransfected with 10 
tig of pU3RIII (ref. 16) in 10 7 Jurkat cells as described (ref. 14). 
Seventy-two hours post-transfection CAT assays were per- 
formed as described (ref. 26) with 1 h incubation. All values 
were calculated from at least two independent transfections. 
The conversion rate (%) were determined from the linear 
portion of the assay using identical amounts of proteins 
(♦••A—) RSVER + ; (— #— ) RSVER". Similar dose-response 
curves were obtained using BRU 8 expressor plasmids. 



scription indicator sequences (Table 2). TheR prod- 
uct was able to stimulate the SL3 LTR and RSV- 
directed CAT activity (15,17) eight- to tenfold (Fig. 
9 and Table 2) as well as the human T-cell leukemia 
virus type I (HTLV-I), cytomegalovirus (CMV), 
and simian virus 40 (SV40) promoters, threefold 
(Table 2). The stimulation of both the HIV-1 and 
SL3 LTR CAT expression was dependent on the 
amount of transfected R expressor plasmid in the 
range of 0. 1 to 2 p-g of DNA (Fig. 8 and 9). 



TABLE 2. Stimulation of heterologous enhancer promoter 
directed gene expression by the R gene product 



Enhancer- 








promoter 


RSVER " 


RSVER + 


RSVERA3 


HIV-1 


I 


3 ± 0.05 


1.6 ± 0.2 


p-167 


1 


3 ± 0.5 


ND 


p-57 


1 


3 ± 0.5 


ND 


P-167/-17 


1 


3 ± 0.5 


ND 


HIV-2 


I 


3 ± 0.5 


ND 


SL3 


1 


10 ± 2.0 


4 ± 0.5 


RSV 


1 


8 ± 1.0 


4 ± 0.5 


HTLV-I 


1 


3 ± 0.5 


ND 


CMV 


1 


3 ± 0.5 


ND 


SV40 


1 


3 ± 0.5 


ND 



2.5 ^g of either RSVER + or RSVER" were cotransfected 
with the following enhancer promoter CAT constructs; 10 p.g 
HIV-1 LTR-CAT, pU3RIII (-456/ +80, + 1 = site of initiation 
of transcription) (ref. 16); 10 fig of the following HIV-1 LTR 
deletion CAT constructs (ref. 18) p-167 (-167/ +80), p-57 
(-57/ + 80), p-167/- 17 (-167/- 17); 10 ng HIV-2 LTR-CAT, 
-556/+ 156 (ref. 27); 5 u,g RSV LTR-CAT, pRSVCAT 
(-491/ + 33) (ref. 15); 5 u,g HTLV-I LTR-CAT, pU3RI 
(-350/ + 315) (ref. 28); 2 u.g of SL3 LTR CAT; pSU3CAT 
(-441/+33) (ref. 17); 2 jig CMV immediate early promoter- 
regulatory region-CAT, pTJ278 (-990/ +66) (ref. 29); 2 jig SV40 
early promoter CAT, pSV2CAT (ref. 26) in 10 7 Jurkat cells ex- 
cept for pTJ278 and pSV2CAT where transfection were per- 
fprmed in 10 6 HeLa cells as described (ref. 30). Seventy-two 
hours post-transfection CAT activity was measured as described 
(ref. 26). CAT activity is normalized to the activity obtained with 
the control R expressor plasmid, RSVER". Results represent 
the average of at least two independent transfections. The actual 
percentages CAT conversion for pU3RIII, p-167, p-57, and 
p-167/- 17 in the presence of RSVER", in one experiment, 
were, respectively, 6.1, 6.4, 1.0, and 8,1%. When RSVER + was 
cotransfected, the percentages CAT conversions were 17.9, 
18.6, 2.9 and 23%. ND: not determined. 
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Trans-activation of the HIV-1 LTR CAT expres- 
sion provides an opportunity to examine the activ- 
ity of variant R region products. Removal of the 
three carboxy terminal amino acids from the ELI R 
region product substantially reduced the activity of 
the gene (Table 2). The defective nature of the 
BH10 and HXB2 region products probably ac- 
counts for the earlier reports (8,13) that mutations 
in the R region do not affect virus replication as the 
R region of these strains appears to be defective to 
start with. 

A series of mutant HIV- 1 LTR sequences were 
used in an attempt to determine the location of se- 
quences responsive to the /ra/w-activating effect of 
the R product. However, as long as the mutation in 
the transcriptional element permitted detection of 
CAT activity, a significant increase in CAT expres- 
sion was observed in the presence of an active R 
product. Deletion of HIV-1 enhancer (plasmid p- 
57), tat responsive sequences (TAR) (plasmid p- 
167/-17) and the negative regulatory element (NRE) 
(plasmid p-167) (18) did not affect /ra/w-activation 
by the R product (Table 2). 

r 

DISCUSSION 

These results identify the product of vpr of HIV- 1 
as a 15 kDa protein. The vpr product acts to accel- 
erate the cytopathic effect of HIV- 1 in CD4+ T cells 
and accelerates viral protein production and repli- 
cation. 
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FIG. 9. Effect of ELI R product on SL3 LTR. Increasing 
amounts of RSVER + (••♦A*") or RSVER" ( 0 ) were 
cotransfected with 2 ng of SU3CAT plasmids (17) in 10 7 Ju- 
rkat cells. Seventy-two hours post-transf action, cells were 
lysed and CAT assays were performed on identical amounts 
of protein as described (ref. 26) with 30-min incubations. 



Acceleration of viral proteins expression by vpr is 
dramatic. Approximately 10 times the level of HIV- 
1 viral proteins are made by days 3-4 postinfection 
with vpr* as compared to vpr" virus. The acceler- 
ation of cytopathic effects is also dramatic. Re- 
duced cytopathic effects of vpr" virus may account 
for in vitro selection of vpr~ mutant viruses. The 
vpr product acts in trans to increase the expression 
of viral proteins from the HIV-1 provirus. The 
transactivation is two- to threefold., This relatively 
small effect may not account for the significant 
change in viral protein production and cytopathic 
effects observed with vpr + provirus. The 15-kDa 
vpr protein also acts in trans to increase the level of 
expression of CAT directed by the HIV-1 LTR as 
well as other promoters. Transactivation by vpr is 
distinct from that of the two other virally encoded 
tranactivators tat and rev, as neither the tat respon- 
sive region (TAR) (18) nor the rev responsive region 
(CAR) (19,20) is required for vpr tranactivation. 

The entire R open reading frame appears to be 
essential for activity of the vpr product, as the ac- 
tivity of a mutation that removes the three carboxy 
terminal amino acids is substantially reduced. No 
specific sequence in the HIV-1 LTR has been 
shown to be responsive to vpr. In this respect, vpr 
resembles several other viral /ra/25-activator pro- 
teins, such as E1A (21), which stimulate a wide 
spectrum of viral and cellular promoters and for 
which it is difficult to pinpoint a responsive ele- 
ment. The existence of a transactivator gene of 
HIV-1 that is capable of altering heterologous gene 
expression function raises the possibility that vpr 
may play a role in pathogenesis by altering the ex- 
pression of cellular genes. 

The vpr product is dispensable for virus replica- 
tion, as viruses incapable of expressing a functional 
vpr protein replicate in culture. Nonetheless, the 
vpr function appears to play an important role in 
natural infections, as some patients make detect- 
able levels of antibodies to the vpr protein (8), and 
the open reading frame is present in HIV-1 (11) as 
well as in HIV-2 strains (22). A gene corresponding 
to vpr is also present in most strains of simian im- 
munodeficiency virus (SIV) (23). 

The vpr product is made from a partially spliced 
messenger RNA. Accumulation of such RNAs is 
dependent upon rev function and occurs late in the 
replication cycle at a time when expression of a tat 
protein may be declining. The additional boost in 
viral protein synthesis provided by vpr may help to 
ensure abundant production of virus particles late in 
the infection cycle. 
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